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pkef/Aje. 

The Tw:psi.;it ivovlc ia partly a translation, and partly an adapfii- 
tion,^of thd auL.li.irs’ Ijool.- on tlio same subject whioli w^s pubiiahnd in 
Sv^lish in 11)01). One condition laid down for, the liW pnhfication 
fR tlie liook wa.s that the, price should he relatively Ipw—a condition 
which, of course, fixed t,he limits of the gron’vl to he covered by the 
work. A hook based on theoretical fo.indatiouf nirst. hrve had 
those limits considerably wider, for if ever theory, .iesign .and lli-} 
possibilities of practical execution should be viewed simultaneously 
and in the same 'b.ht, it ia in the ca.ae of the industry in question. 
8uch a book, then, would have become too^'volinninons, aiaf have’ 
been altogether too expensive.« On the other hand, a purely descrip¬ 
tive wofk would have bccopie merely a mass of facts, witjicnt any 
real connecting link. The authors, therefore, hat. tried to hold a 
middle course and, while jiointing out the essential, fundamental 
points of view, have given ,a survey.of the industry dealt with. 

In the present English edition this plan has been retained, hut 
considerable addition&jind alterations have i)c..n made. 

The work has been dividr'l het.'veen tlie,two authors. E. Rocslsr 
has written the first part of the hook, r.e, that treating el'producers, 
etc., while C. W. Asklmg has carried out tl" ;'<'cond ■ art, whi ji deals ’ 
with the engines, etc. , > 

One of the dillerenwrj between the EngIRh And tlie' .Swedish 
editions is that the present work has, so t. say, b«"n made more 
international. The authors, have kep*' ,iii view the ollorts made in 
modern tec|)uics to employ cheap fuels for pov.cr purposes, and„also 
ithe cndeavoiu's made to utilise for. jnviue pur,)psgj,_thc great arV ’ 
Vantages offered by. combusthm engines. Vjant . f .space baa made 
it necessary to octft aii historical survey of the doVelopmeiA of' the 
(»inlu8tion engine, in .sjpte of t'he subject being a most instructive 
The Britisll systeni of weights and measures has been used 
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througKdfft hirt jiata Imve often heeif^nven in thetnetac system too’, 
the latter|s now be^g ,,sp(l»toti gre^t extent in the Englisl^peaEnK 
woi4d, 'e.g. ii^^-Jg' P!itir.e EngliBh inotor-Jar liwli.a**,, 

* \1T 1 . . . * 


■■ ■ -■ —o.industry. 

Wo libre beg to exjiress ojr warmest thinks ?o Uie 

>f tlie globa(v' 


various 'maftj- 
ho have so v&y 


facfurefe andbnnsj’i different pijrts of yn 
wdlijgly pbfcc.} drainngs afT.ojir* disposaf>’ In t hi.s connection* we 
^gcto point out very eirrnestJy (Eat tlie or,lor fn wbicb y,e*diff*ent 
brigs br-e been n,oivtion,.b was ,l,,teri„in,.d nfcTefy by a regard for 
suitability apd coiiveiui*i,oe, and we also wish to .state that the omis¬ 
sion of the nanie;ok any firnX by i*i means iiuplie’s i^y want of 
aupreciatiftn of its merits. 

. Finally, it ip with‘extreme pleasure that we oflViyour w.rrmest 
thanks to Mr. h. A,lams-ll,(y for the oaretnl .am^ luitiiiiig energy 
with wluob l,„bas eorinal out the translatiU. of the grdator ilHrt of 
tji« book. ^ 
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P.ART ‘I. 


CHAP’l'ER *1. 

THE METHOD OF WORKING OF lNTERNi?£ CoSiBUSTlON 
ENGINES COjyPARED WITH THAT OF OTHER HEAT- 
ENGINES. 

WHEN^Iieiit is on lliocoiiibiistion ol coal OiU llic grate ot 

a boiler, it is absorbed by that flue-gases which have been fofined in 
the process-of (jombustion, and tliesc, lltiwing over tlif liiigtiiig surface 
.)f»th%.boiler, give, off heat, while they are cooling, l,o the water in the 
boiler. The steam thus prixjuced is nonducteil l,()*t,lie engine, in the 
cylinders of which it fexpands. hi doing this, •i.^iart of the !ieat 
stored up in the steam is transformed into luefhujjical work. 

Thus the two proce.sSbs—conibustioii, or heat-prodlfbtion, and the 
transformation of the liberaied fleat into inecha'niTal work -donpttake ‘ 
place, in the case of steam-engines, at one snd the same place*; no 
less than»two heaf-carrjjhg media--//He-flursc.s' steiini —are reyuired 

for the transport of the heat liberated oA the grate^.o thi^mgine 
proper. . * . . f 

In the case of internal (ii)mnn.stion enjiines, oi*the otli#r hand, both 
processes take plaae in thh cylinder itself, the cyliitder foriiiiiig^so 
to say, a closed firepltyie in whfch the find ^lich has heigi put in is, at 
short intervale, more'or less suddenly consumed. The gaseous ]fto- 
dpets of oomWistion hold the heat thu?1ilferated,aiil, a'yu the case ' 
W the steam-engine, a nart of thi« heat is tranHf4n'm<“(]\pto mechanical « 
tkOrk during the foiro))h'ng|i;xpansion. The steani-engine iriay, thetefeffe, 
be ^dj.0 work with an o-gen fref&ce, hut the internal combustion 
engine, o* the othy hand, with a closed one. Tn tiie first-named gtefnp 
of ifeat-mbtors wemjay alsodgclu^i; hol-air engines. 
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In alid' oil-engines it has Ipcn found possible to transforift a 
far greatci poport.ipn qf tile lleat-i :ncrgy of the fuel into meohSnical 
work tha'n 'is the case with the sieain-cngine. With regard to the 
•latter, it hiiglit be suppose! tiia.1, this ii,ust d''p(uid upon the losses 
wjiich arise in (die '])roe<'Ss of steain-geiieration, suedi as incomp'ete 
coipbilstidn.’ntp through the esi:a]U> of the flue-gases at a coropara-* 
^iv^ly higli tciuperaj.iire, tlie radiation oi hiuid, from the, boilers, and 
'-the losses of heat in the ])i|)es, etc. In \\idl~(U]nstnie,(ed and well- 
svnerinl-ended nmebinervviliese losses are ndativi ly small in eompari'' 
son w^itli thclo,ss(!s in tpe actual Iransformatioi] of heat into nieelianical 
work in tlie cyliiHlera. 18 t l!0 per eeut,. ol the heal, stored up in 
the S„eain is, unler the most lavoural le coiulil'ons. utilised there; 
'idle remainder is t.o I ■ ,''ouml in t he hot, water from t ■ e ecndeiiser. 

The utilisation of hea,t, in the case of tin' steaui-i igine aniounls, 
tdierefore, at the very most, to Id 15 per eauil,. (<f. noti on )). 101), 
ineluhive of the loss of heat, in t,lie boilci' a-tid in the pijics, 'll order 
to increase this percenta,ge, we should, ill accordance with thiTino- 
dynamics, iiiciease the dillerence of lempi'ratiiie bi'tiveen the live 
and the exhaust steam. The teii'peratiire of the e.xliaust steam can 
never be lowin.'d below Uiat of the cooling water, anil, lor practical 
reasons', we nave to bo cont.entei' with a, lowest te'nperature of the 
steam whiidi is about .55“ to 70’ K. above that of the cooling water. 
The raising of the live steam leiiiperatiire and the aeeompaaiying rapiil 
increase in t he pressce ol satiiialcd .steam, on the ol her hand, occasion, 
in many |.y|)es ol hoiiers, great ineoiiveiiieiiees with re.spect to salety 
and cost, which are not balanced by the gain in thermal ediieieney, 

As ..11 increase in steam pre.ssnre is not aeeoiiipa iiied by any specially 
groat gain ir ,.lie consiimptioi of fuel, recoiirse has been had increas¬ 
ingly of late years to su|)erlieal ing the steaaii, i.c. to increasing ds 
teinperaliiie hefore it enters t he engine. The gain in consuiiiption of 
steam ami of fuel ol-faiiied liy men; s ol siiperih aling is far greater than 
that, oalciilateilaceoi'di: g to thermodynaniies,dependent, in the, greatest 
measure, on t,i, ■ tael that supeilieuted steaiu is not so easily condensed 
on contact wilii iJic colder walls of I he'eydinder as saturated steam. 

In tlio e.a.se, of gas- and lul-engiiies, on the other hand, wlieie the 
high'pressures arisiii'-.f/'om the comhiistion ■ ec.nr only in tin cylinder 
itself, if, iH.easi''i' to control them. The injurious effects on the. cylinder 
material ami ,ui the lni,rieation of the jiislou caused by the high 
teniperi)tiiTe,» are abnost ertirely obi’niled by cooling the cylinder 
with waler, a ]U'oce,ss which, however, c .uses a eonsiderahle loss of 
heat. Another great hiss h 'aiised bj the exhaust, gases leaving the 
niwtor at a eoinparatively high temperature. 'I'lie losses meiitioiied, 
together with that arising fr.uu more or less ineoinjih le coinbnstiqn, 

I reduce the 1 her pal eHiciency of inte’niil comlmstion engines in a very 
high 'degree. In spite of this fact, howeve-, t,g^se engines transform 
a considerably larger jiroportioii* of the fuel heat into mechanical 
work than stoam-enginco do. 



CHAPTER Ii;, 

f 

THErPHODUCriOI?, PREPARATION, COMPOSITION, AND QUALI, 
TIES‘0F,*THE FUELS MOSTLY EMkoYED IN GAS- OR* 

oil-eiIginej. 

The fact iiicntioiiccl in I lie first cJiuplcr w it" rcspcci, lo jjas- or 
oil-enjiincs, viz. iliat llic l■(lllll)ilsfioll takc.s place in Ilii^cylinclcr ilscif, 
in a very short (iiiic, noce.ssitatcs J.lu' introduction of r/n.wnu.v or very 
jitii’lif (liviileil jiuiil fuel 111 order l(Minn<> ifiioiit fluit^iirtiiiaie’inter- 
iiiixture of air and fiicf winch is vh.ioliitcly iicc(jisary*for ffofinile%« 
comhiistioii. There can (hii.s be no diiecl coflihiiatioii iff soliu fiief 
in the ciieiiie, lint it is ahgohilely necessary In prodlici' coiiibiisiihle 
.yas out ^of the fnet lhat ya^ beiny aflei warjs* i^oiisnnied injhe 
encine, , 

It is t me I hat atienipl s lia ve liT'cii made lo oblaiii dirpet coiidiustioiT 
oi coal ill the cylinder, but l^is lias jirovcd lo be aliiio.st iiniSisliible, 
partly from the dilliculty of feediny i« fhe hnely jitil'.jjised coal in 
the pru|)er (|iuiiitil v, and partly fioiii the dinic.iilty of prevent¬ 
ing imlnirnt particles of coal, as* wjll as the ai»lies. which always 
remain even alter eompitete coinbii.H^Joii, from collejj^iy in the cydiiTder, 
which is thus worn out- eailier than need he. • 

If we confine onrselfcs to the fuel as it is ”d !•*) the engine, 
we .see that only yaseoua pir ffi/ioV/ furh eaii* IK‘ eonsninofl there to ‘ 
advantage. Both kinds of liiel must likewis^, as will he slnn^n'helow', 
sati.sfy i»fairly large lunniher ol rer|nireirieiiljji§ order that wifniay 
he, aide to eonnt on offifaining a jeliahlwapd eeoiio^iic.ojljfation. 
Thus, the ga..seons fuel ongirt to he such tliiA it eati easily lie iflingled 
with air, and it must lie rgnlfly ignilibhwd the ioniproiaion iiressnres 
employed in I he orijinary gts-engines. 

By being snii.ahl^ treateiPin nieclpiitPal ^iid thej-nial respeffta, 
good C|ua!i(.ie.s,iiiay he*imparted to the fuel which it did not originrily 
pos.ses3, and l<iiii.s its einploynient in ^i» engine rmide.rcd possihle. 
The ^as coining from the prodjicer is. for e.'^m]jl(\wen cooled at 
the same time as’it^is |arefully freed from, mechaniT'al ini|ii»riiMs, 
siiclj,as,,coal-diist and ^shes, as Wdl as from tar or tar-forming 
substances. If certain kindh of fa|l arc cmplbycd, the last-mentioned 
im^rities can sometimes^ he^remiwed during the productien gf the 
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gas; a'^tiirCommoner method is to choose suitable solid fuel, so*s 
to avoid the priiductjon pf l&e impt.rities in question. * 

, Finally, ‘/m(^ economics require' thjit, in general, onl^ such fuels 
shall be em'ployed as hava. a low heat-ptice. r.The heat-price oj^ any 
kipd of fuel hs calculated bn the available amount of heat whicti is 
obtirined, on^cerupletc combustion of <s givew. weight or vofunirf 
pnijt of fii^l, together with tho-co.st of tliu same unit; the heat^price 
••i^thcn suitably statedi in pence, or cents, per one million B.T.U. 
(c/ p^,r)). ', ... 

Jt will he seen frofn what follows below, ‘(hat here, as in thermal 
calcufatiohs in geuei jii, we mUst not introduce the whole njf the amount 
of heftt’ (levelcqiwd when the weight or vilume uniu of fuel is com]jJetely 
tmnsurae.d. 


In the gas<!Oua products of comhu,stion from a <!fiml)U,stil>le sub¬ 
stance, there is gcmu-ally j'uescnt steam, derived,, from ,the moisture 
in tife original fuel and from the water folnual in the process-mf com¬ 
bustion. During tlie condiustion, a certain amount of heat is absorbed 
for the evaporation of this moisture„,on(l, whether the products of 
comhu.stion give off their heat in .passing around a boiler, or whether 
t.ju^y kre. allbwfel to I'xpaifU in the usual way in the cylinder of a gas- or 
oil-engilic, lliis Uilcnt sleam-liqat / is tecJinieMly H'i'Iioul value. For, 
in tlie conriuclioh or transformation of heat into mechanical work, the 


exhaust temperature of the ga.ses will, in both cases, considerably 
(!xcee<l that of sid ifiuted steam, corresponding to the pis'ssure the latter 
has in the escaping gases. Steam, t herefore, never has an opportunity 
of giving oil its latent heat to ahy useful purjmse by means of 
condeitsation. , 


Suppose,..foi* example, that we have two gas- or nil-engines of the 
same thermal clliciency (if. p. 272), but run on different fuels, Ijoth.of 
which liberate thv. same amopiit' of luiat on complete combustion. 
If the one fuel giviv rise to a larg'.'-r amount of steam than the other, 
then tiiat engine vyhiuh has to transform the caloric energy of the 
former fuel i.-to work must use more fueloper work unit than the 
other engine, 

Xhus, incoi-rect conclusions could he drawui in respect to the 
capahility of the ei(,'iipes to utilise heat, id the whole ofithe heat 
devel5)t.e(l, w(;re taken i«,to calculation, accoi'ding to weight or 
volumV units.'' It'will ll'.’erefore be necessary, first, to subtract from 
the said airtnunt of,.heat that part which is absorbed by the steam 
in the fuel-ga.s(*s, andrin modern heat-cingines yannot, for physical 
reasons, be transfornfed 'Ititf) work. ' The retnaindcr thus obtained 
will, in the followhtg page.s, he termed the rjjech've healing value, of the 
fuel.^ Thus. h:ul the engiiies'in the above example Ixam run instead 
on fuels sfi'owj/?g. f he, same effective heating values, the amohnt of 
fuel t'sed worfid have, been the same for l'otl«,^ehgines. In-judging 


• Called the higher cal<\'if,c value of the fu,«l. 

* Also callifd lower calorific value 
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the fueK.e'obn<.mios of heat-engines, we ha/e, thiyeforc, to take into’ 
calculation the eflcctive heading valf es of the fuels in question. « 

In Table, I., page fS, ai'e given tlii calculated heat-^rices^f the fuels 
most’in use^. The lower pi iees of the fuej^ refer to the cenditiofis at 
the coal mines, or qt the oil-wells, while thcTliglicr give the cotjjof 
fuiJl at placed which are at. a considerable disluiice, away. Jffoina 
this tablet ii ajif ears that the*he*at-i)riccs vor the solid fuels give*! are 
^ct^isiderably lo-wer t'lian those of illuminating gas and of the, liquid 
<uels, and, eon,se,(|m iilly. the |iossil)ility of comj^dition‘seems to 
faf giCater for the liftivi'r than it does for thellatter. 

If eve take, into cadsiderat^ioii, however, that a gijs-eiigine cannot 
utili.sijitlie caloric^‘'ne/gy of a solid fuel iiijtil this fij^el has Poeii gasihed, 
the condiV.ioii of things will appear quite dillereiit. tTo begin Vith, 
.during tbe prodiietioii and preparation of the gas an amount of heat 
is lost, amoiiiitiiig. in oi (linari: ca.ses, t.o 2.h-.‘lll per cent, ol t If' dispo.sablc 
heat, .inolusiv.', of the losses during llie eescjitioii of work. If we add 
the. annual iiitere.s<'. and deprcciatioii, calculated on the eitst of 
tlie producer jilant, t.ogether with the, cost for attiaidaiicc and upkeep 
of the plant, all per one million B.T.U.', to the theoretical heat-price, 
we obtain tl|,j> rjial iieat-prt'je of tbe'gas got from the solid fuel—figures 
^wLicli yqiisido-alily exceed the theoretical oii(»s. 

• Tke pages iiiiif.i'dintely lollo'wiiig are devoted lo an account of the 
production, jireparatioii, composition, and qualities of the difierent 
fuels. 


I. GASEOUS FUELS. 

Of this clas;;} (/ fuel the kiiidfi most commonly ii.sed are ilhnmimtmg- 
(jax, jiro(lurer-if(is (“ puwer-ijati ”), hlasl-funutce (/as, and coke-oven pas 


Illuminating-Gas. 

Illumiiiatiiig gas itvpiitiducod ll y dry'-.listillatiou, i.c. by the heating 
of bitiiiift.ioiis coal without the admission ol air. 

Tlfis gas, as obtaiiiijd *110111 the mains of tjie gas-coinpaiiiqp, forms 
an exocp,ent fuel for gaif-equines, well purified as it is from tar and 
mecliartical iin|<urities. 'Vs conqiusilion varie.s pretty considerably, 
according to the quality ol (he coal usu'i, the manner in which the 
distillation of the by-^infiducls is e.arried (j,iit, etc. In the course of 
proiuotioii. a valiiabjc (*mibustible I'ly-product* is obtained, viz. 
vok^ of which' about 20 jAir 'cent, is used foidheatiiig the retorts. 

,100 lbs. of coal are cstimajiodi'to give, as a fulo, 480 .pubic feet of 
cooled gas.'"' j, ' • 

analyses Af city illuminating gas are,giyeu<below ;— 
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Its effective licaliii^ value (at l i-T lbs. |ij'eTssure per square inch 
and ,‘)2° r.) yeiiejaMv vanes between ,57!i and (Ibn |-!.T.U, ])er cubic 
foot. The volume |>er li). of ,#is is ,'!0 eiiliie l'ee*al. 4lie same tem^iera-* 
ture and jiressure Thus (lie elljj’etive lieatiim value per lb. of "as vuill 
be (1(1 , IjN.b ordd / (t^o 17,250 or 20,550 B.'l'.U. |■(■sp*•e1ively. I’lieo- 
retically, 1 cubic foot iilion*iiatine-yas re(|uiri's about 5 5 uffb’ie feet, 
or Oil 111. air loi its eomplele coniluftfiou. lleiicf^ I ^i, of the gas 
Beeris 1.‘1'2 ibs. air. , 

01 late yeai's, iflu^niuauts ar(‘ o,li(.en addcil t(* so-called milrr ijiis, 
made liv passing sleain liiroueli Tncaiidescent e*J* Tlie c.oui]io.sltion 
of tliis cHi'hiii'iilcil w(^lcr (/i/.s is subject fo .j^cat variations. Its 
effective lieating value is fi5(),G20 I^T.U. )iej' caibic WBt (</. Talile Il.)^._ 

» 

( 6 ) Producer-Gas.| 

. • , 

The emidoymenl ol ’illuminating ga*; for .povti'r puri«i.scs has 
diminished more and inojc: iB laic ycais^siiice i^lias bei^i found jiossible 
to obtain from eeiilain sol*,l liiels, iiy iniains (J jirodit’crs, or generators,* 
a.s they are also called, ga-Bcous luejs "tfiitiijjle lor eas-engdueS! and 
which, in s]Aitc ot the I'ost of production* permit*of far lower w^'king 
.cxji^nses tliftu those heeessary wlieif*iHjiniiualuig-gas is u.sed. Th® 
desire to make gas-engine plunks independenlfjaf dlie •municipal or 
other" gas-vvorkif lyts srobahly also contributed, itNuo smafi (Jegree, 
tq.tli^ establishment/of privatB* plants for power purposes. The 
gas obtained in,^BBch casis is th(( so-ca\\<iA»'p'oducer-gas, or semuwater 
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jaSj'whiWi,is^oBcuiiied by tbe incomplete cgmbustion of either'distilled 
or undistilled.fuel in air mingled wiA steam. 

Tbe process can ,bes|!' Ifi' rnad^ clear by a comparison with the 
mpth.od of production of tbe original Siemens procfhcer-gfs (air .gas), 
•which is mace by tlie incomplete comhustifn of Me fud in air alone^ 

^ In Bpeal<i)ig of the prcxuiction of illuminating gas, w'c stated Jow^ 
thiiowas,mad? j»y. heating Intuminoiis odd witlicfat the admiss^in of* 
a|;r,^thc final pi-oduyts consiitiiig of a combustible gas, ag,d a solid 
».ciTmbustil)l(i coke, Jn ■.< Idition to tar and gas-water. «The co*kc, in 
^‘■'iceplion of the ash andtclin’icer, be transformed 
into j^as by means ol (innbuslion. If, in this'process, the combustion 
be complete, the linaJ,*cons1itSents ol the gas will notf beAurthcr com- 
bustiWe., If, thejfefore, the gas is to be cofiibusl ibid, this end is attcined 
by so restricting theiiM.dow of ah', that the combustion’will be in- 
' complete. 

^ These two processes, the‘driving out of combusti'lile, gilsos from the 
raw fuel by the help of heat alomg j.c., dy dnj disliUiitioii, fud the 
mcoinplcte comhn.slioii of the coke remaining li'QiiM.he preceding pro¬ 
cess, take place in t he ordinary ga.s-pndiieer when it is charged with 
undistilled lucl. 

^ A 'produxief, in its sun)ilest tprm, consists of a high tire-brick 
tfurnaci , Inclosed atj the bott.onuliy'a giate with a closed ash-pit under¬ 
neath, and provided a' the top w ith a charging apparatus, permitting 
of the fuel being introduced from above without the admission of 
air._. From the upp’eu ))art of the producer the gas generated is carried 
.yvay through a gas-discharge pijic. ^Tlie furnace is kejit lilled almost 
i'n its entirety with coal, resting on the grate. The air neepssary for 
combiistion is, in order to overcome the r'esistanec in the high column 
of coal, forced in'under the gra'„e at a. certain pj*essure. 

Now, if the producer be charged with ordinary bituminous, coal 
which gradually siitks during tlm gasification, it is clear, for the, first 
thing, that the te^u' -raturc in the different, layers of coal, during the 
continuance of the ^irotess, cannot be the same. If we follow the 
combustion ail*-‘.hrough the pro(|pccr, jyc liuu that the tempcjature, 
with thi^ grate as st'drfrng-point, steadilyi increases upwards until, 
at a cCTtani jioint above the, grate, the highest temperature is reached. 
The combustion air is»iM,ffic,icnt, during this (Kftance, almost I'ntirely 
to cons'^^^nc.thc^coal, the„cifiiditioiu' being,analogous with those pre¬ 
vailing Tin an ofllinUry hofizontal grate w/th a thick fire. The tem¬ 
perature in sutf.h a llre<',s lowtyt clo.se to riic. upper edge of the. grate, 
in consequence of the excess of air beinn gfeatest there, and because 
the fuel and ^he air are’jiot firc-heated to such a high degree 
as tkey are within the lire itsejf. The fuel in that part of the pro¬ 
ducer of winch we a^;p now Lphaking consists, j^o the greatest extent,, 
(jf coal which, b^; cqmpjjcte combustien, and while g,t the same time 
devhleping great heat, upites wit^h the oxyuen yf the air to form 
carbon dioxide. In that layer of coal where t,hA emperature is hivhost 
the excess of air must, in flocordancd with what hat ^een said'above 



EMPl.OYED IN P4.S- OR OIL-ENGINES. 




b.e nil, i.e,, the coal^ has 1k,re consumed the last remains ^ tltS^x§gcn of 
tketotniMsfion air. ^ ■ 

The superino^umbont layers ojc.oal, howevci, become^incandescent 
in eonsequfcnce of the hot "at.es of coinbii.stion whiclf stream upward, 
aji chiefly consist of cai'hon dioxide and of nitrogen n-oni the com- 
bi»tion air. When tin; (airboii dioxide comes into oi^tact \vith»thc 
glowing coal, it i.s*redu(u',dJto carhotf nfvnoj^ide, whilji is ^-ojnliu^ftible. 
It is^cle#!' that tli<‘. formation of carlnni monotide cuiii continu«^wi- 
intcrruptecKy, as tlie heuf. consumed in tlif- pryi'ess of reduction 
constantly rej)laced fr^ni below. 

The rcdiiciifh/ lut/rr of ami has imimujiately ftjiove it flir^lry-d^slillinfj 
Taw coal. ^!jveu on the border betweiui tlu' tw.o,''the temperature is 
so lf)w that rcdiietion of carbon dioxide can continue no Itoiiger. At 
that Jieight above the grat<‘ all t he carbon flnfxide should, therefore, 
have bcco*.ie^iiiaIly reducetl, in order t^> avoitl loss by the escape of 
incoin'oustiliV' Cai^Mm dio.yde. , , 

JTiftally, dry ilislillalion too is k(‘j)t Ujt l»y niciins of lieat from the 
gases rising from,biineath. and the first ste[) in tl|e proci'ss is t/tf 
expulaivn oj (he wafer in (hefona of .sfeani near the top, after which 
conic the heavier tar-forniinq liifdrBearhous gnd tin' li,(fhler hydrocarbons 
and the hydroyen, whicji latter arc^formed and driven*gint lower dctfvn 
in the layer. 

The el icinical and pliyKical proi’cssc.s in the dcciiniposilioii of a 
solid fuel, in an ideal pidducev blown with air, thus take place in three 
zones, which, reekoiiinp froimabove, may resif'ctiwely be ciillc'i the* 
dry distillation, the rnluction, aijiJ the imnimsiion zones. 

The, ^as wliieli .slreaiii.s out throiiKh the oas escape-pipe would, 
then, chiolly coiisisl. of ciirh»H nioiiojiile, hyilroyen, and hydrocarbons, 
wliieh are comhustihle, and the inert miroycn from i’.*' combustion 
Sir. • 111 reality, we obiiiin a. pus pi another eoiiiposition, which differs 
from that just meiitjpned by the presence of carbon dioxide, ^'hieh 
has left the producer iiiirediieeif. The zones, *,•,), are not sharply 
distinct from each other. The dilferenee beftre'^i ihe actual and the 
ideal composition of the pai%is paijify the i;esuit oMlie temperature, 
in the producer beiiip to<» low, and jiartly to be a.seribed to,#inpertec-’ 
tioDs in the physical ^qualities of the fiM, or to its unevqp size,* 
etc., all of which ^irodiice irrepiilari(-ie,s*%nriiip the prqcess of 
gasification,! 

How the formation oi* 4 |e caroon mono.xiue (lepeinis on inc tem¬ 
perature is clearly .showf^by Boudoua^d’s cx/^rimj'iiR., in jA’hioh the* 
reduction intensities for earbi^n dioxide i»ih<’ presence of incandescent 
coal are dcterminedj\\'it]iin the interviip! tomp(%ati^res 8'12°-1922'^ F. 
The results ftre shown^n Table Ill., l^dow. 


* 'I'tie term gu-stficMion w used in the loIlowingj^agc.'H aa a general o:f{)BA16iOQ 
foj^he^produotion of coiAustiblo ga^lut of a fuel, while, on the ether hand, 
the term distillatioii is inCendSd to mean tine drying and dry-distilling 

Af A 4ncM • ' • 



INTERNAL COMBUSTION ENQUNES AND OAS-PjfcODUCKES. 




Table Jill. 


iiy. • 

Amount of f.arbou mon-^ 

Amount of cafbon di<5x- 



oxido }K‘r coni, ot 

fto in per cent, of otr- 



‘carbon dinvido | car- 

l)on dioxide + carbe^ 


• ii 

• . bon monuxii^c. 

mojioxide. 

iM 



05 ! 


i);{2 

5 

05 ; 


1022 

11 

80 ' 


rtl2 


7v 


1202 

, .20 

01 

700 

• 1202 

5S 

42 

750 

i:{S2 

70 

24 * 

HOO 

1172 

00 


.S50 

1502 

04 

<4 

^!»0« 

1052 

00 5 

•2 5 

050 

1742 

08-5 

rr> 

'1000 

1822 

!l!» 2 

0 7 

1050 

1022 

O'.f (> 

0 1 


\V('lH;i4Hlcrl prodiiti'r? Uie ])r(ispe(',l. ol gus 

wliic.li is riulicr hj carTx)!! monoxide js, thus, ftreiilei' tliiin when tlie 
teinpoi'iiturc is low. 

‘ Xho physical,(|"u)'iities of coal ujjich disluih the I'cciilaritv of 
M'-sificatioji arise, tor the most jiart, ^from tin' mineral eoni(ionents of 
flie fuel which yive rise to rlinh'i'. In some kinds of coal thijj heeomes 
pasty' %,ml adheres to the hrickvvorli torminy hard \irojection8, 
which, as a.yule', can only l>? lemoved with f>reat dillieulty from 
above with an iron hai', Kveii il ^he coal, on heiny healed, cii’e.sti, 
liai’dj coherent chnk’er, the formation of clijiker will, to a, certain deereo, 
he a hindrance in/^'producer. 

If, on the othip; htiiid, th(‘ ]iroducer be charged with eakiii}’ 
coal, there ca,i^Vasily ari.se chaiuiels in the \uel, Ihroneh which the 
'"’carbon ,(^oxide can rTisfi iij) without being reduced, together with 
^ air, Vihimi latter may noinetiim'S oxidise a jiart of the carbon 
monoxide, formed in*kVe reduction zone, tfi, carlion dioxhUi, The 
result vfill*he*a gas riah*in carlioii dio^jxidc and of low heating 
value. * 

1 For rt'asoiK. easy ti be inulerstood, the.complete trausforinatioii 
to carbon monoxide oi^lit to be facilitat'd by the ii.se of coal of 
uniform but iiijt too laiy;e s;ze,,and by taking civ'e that the producer 
is cfeirge-d to dillerriit lieighta,.according to tho'viiriatiun in the size 
•of the coal. ^ 

• Tlius, for eijiJ.inple.t'Straclie, in li«, experiments witli a coke pro- 
duo6t, "iound that the eqjrilibriunj ^between the pcocluotion of carbon 
dioxide and of carbon monoxide in tli^ uije\\nly tempered layeni of 
the "producer did not shotv the saiile dependence *oti temperature as 
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tjiat shown by B(^douafrd’s laboratory experiments, t Tlf^cause of 
this^Jess favourable agreement is, moat probably, to^bf'. found in the 
large size of the^Iumpa of coke, *(>r wLen rtje #nel consi^fed of small 
coat btracire was able to ccpilfi ni lioiidouard’s I'osiiltrf'^ In the former 
c^#, the great s]njecs^ii the fuel f;ieilitafl?d the paasagem the carbon 
dicfxide and of the air, whereby j)art' of the gas was reduced at a p«iut 
farlJer up than in fhe ot heij and ) he bxfgen was give* wtheopportonity 
of entering into a union with Ihe carlHin inonoxidT^ so as to forni Ciuirlji^n^ 
dioxide, wlftch, hmvever, was peihaps reduT-ed Vo carbon monoxid'e 
again by the ineande.sitnt coal. “ 

It is thus clear that-, in one and t iKysanie ITLyer. the pi^porfcion ex¬ 
isting bctw<‘('n tlnyi,mounts ol carla)]! tuoxide aftd carbon monoxide 
ine(^santly cl^nigcs, lor which reason, ami especially whon tJie fuel 
consists <tf h^Tge coal. Ingh luatdm-crs arc* ili practice, preferably, 
employed,^s a jiroieetion against, the, ji^'oduclioii of a gas too rich in 
carbon dioxiJe.* 

By*simultaneousiy mowing in <nr ami ,s/cfc/e it*is. liowever, possible 
to counteract the tl^n^nation oi high temperatures in ‘4 jiroilucer, with 
the consequent lloafing alioitt ot the clinker. Instead, tin' clinker 
becomes hard ami cohesive, and'thiis ea^jicr to rem^vp. Tipe com¬ 
bustion air must iiot.^^houever, ^arry loo much stca^n wy,h it, ior 
then the producer temperature may sink soJo\».lhat tin* reb^etiom 
of the carbon dioxide is counlcractisl. Tins seems to lie the ease, 
at least, when the high<*sl tmiqierature in the yrodiieer is less than 
iGbO'^ F. ' 

When the steam passes through tlu' lower ineaiideseeiit coal-layitlB 
in a pTodHieer, it is dissociated into hifdroffni and and 1jic latt,er 

unites with the earbon, at tt^mperatures exceeding 1050" K., to form 
carbon motoKndc ; othorw ise the dee-oiiq)osition takes ph»*' mostly int (4 
Sarh^n dioxide and lii/dro;f('ii. •TJi(‘ hydrogmi passes out without 
further chemical reaetjon. Tims, iii^eiieral, sieam, in the gasiliciation, 
gives rise to carbon dioxide, carbon monoxide, iciid /iydro(/cn, during 
which process a })url (pf the carbon dioxide, Icii^fthv^;^ with a jiart of 
that formed by the eombuf^ion o4 the coj^l.Js reduced to carbon* 
monoxide. 

The tlmK forim'd by tlio minulUinJou.s blowing in ol jir and 
steam is called jiro(hi*er-g<is, soinetinies :ih^^<’iiil-w<iler (/n.s.^ntl has 
come into very extensive<ise, es|^ecially ly •iTietaJlury^' aiTd fjjr jiower 
purposes. Compared wilhiiiemens ga.s, tlie eonipo.silion of producer- 
gas shoidd, in accordaiT^' with vvliat.*lias bfl'ii .Siyid^abow, sliow a' 
somewhat larger |Tl're,entage («| earbon ilujiyde, and is well enriched with 
hydrogen, which cfiitribiites gieatl/ tr- lai^e Ijie (Elective heating 
value and to give tlje gas greater*yguitiiig power {if. Tablcl IV^ 
•andM^.). 

P;’oducer-gas, loaves the producer with’a «oii^arative.lji Ic^wat 
temperature than is t^; case witWihe Sieiaens gas, the reason'fieing 
tbift the steam rejiuircs hcat^or its dcconyiosition. This heat being 
taken ^rom the* heat-sup_j)ly of the producer, the result^ must be a 
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lower^ng^'dt tbe temperature of the’escapiSf' The heat which 
disappears will he found us,chemically bound heat in the hydrtigen 
obtained, Sn,d is regained on the cimbustion of th^ producer-gas in' 
the work-ins eflinder of the engine.* '{he Greater peroentagC of 
carbon dioxioo of the gas i# 9 I no great importance of itself’ a^{he 
greet amountW^hoat which is developed during the complete ^.flni- 
buslSon ol the adal can lie ul 11 is>‘d agaii* by the decompositioti of 
a*lji»ger amounl of .sTeain. 'fhe compaiatively low temper«turf in a 
w-mi-water gas-ju-odsieei'*iias a good (dfect, too, on {he condition of the, 
brkb'SKU'k of the Inraai'C, tvhile, at the same time, the cooling steam 
preven/s tli^’ grat.e, fiit-hars.^aiid other heavier iittnigs,from being 
burned away. 

^ Finally, the losses due to vdiiduiiioit and raitn’liim are* less 
,with such a jiroducef ttuui when tlu' gasilicalion taf^es place with 
air only. 

I Frpm what has been said about prodiieia-gas, it^s'eviefeut. that the 
mixtriire of eomliustiion air with steam must be i-egarded as*a*very 
«ift'ce.ssful meagre, both from the point ol view irf safety in working 
and of heat-economy. 

As,regards^comiiarati^e experfmenis with the two methods of 
pi|f)duc,tion, ajiriet aeeount may b* given of t,wo made by K. Wendt, 
*s tijgy noUonly sji»\v^very eh'afly*tiie differenees in the gas-eoniposi- 
tion and in eileetive lieal, lint they also elearly illustrate the importance 
^ of the. produe.ei-ga.s_method from the point of view' of economy. The 
acciwnpanyiug d(»t,ail!*(l heat tialanees •vill he specially useful in the 
^iidy of the em|ihiyment of tlie lyetliod for the driving of gas- 
enginesj • 

The. one e.'iperinieut was carried olit with a Siemens producer 
provided wiVr a fan driven by a steam-engine, .so as to provide the 
producer with eondnistion air uiirh'r pressuri'. During the ej^crl- 
menii the producer grew very ‘hot, thcrehy jiausing dillicultie.s in 
working owing to^rlie formation 'of clinker. In the second experi¬ 
ment we hnd a pj^iducer used w here t.he j,ir is forced in under- 
,,the grate by a frri'am-^iij^iet.or. 'i’he st*im is formed in a little boiler, 
and is l«d from there into tlie u|)per jiart'of the producer, in order 
to be {uperbeated in somS spiral tubes up to iin average temijerature 
of 670° F. 

The,frifleip^ results n{ifained Ify the Uvo inve.stigat.ions are sum¬ 
marised in Tables and V. below. 

^ Z. I’cA il^iilsch. Imj., IJdt.’p. 17IIS.* 
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I Dust and sool . . . ... 

1 j 

k 

■F I ( 
l-\2 

0 'Mi 

* i 

0 

.7-44^ 
0-00 • 
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1 ’he coiil \!S('(1 containod oA an iivorii!;i‘ |ipr fent. carbon, 
9'7 per cent. nioistiii'D, and J.S-1 jicr ( cnt. ashes. The edectivo beating 
value (at 14-7 ll)S. pre.saiire and .'52‘’ F.) was,'l(ilb' n.T.lJ. per lb. 1 lb. 
coal yielded, in the tir»t instance, H'd cubic feev»gijj^.j'yitli an eff(a;tive 
heating value of 1.52 B.T.Ul^per chbie fool*, bn(, in tin' sec.ond case^ 
45 cubic feet gas at 103 iJ.T.U. per culnc foot, , 

In^’.oniparing the heating economics oI the t wo ])roducer,sjwe are, 
of course, obliged aWi to bear in mind iln^amount^of hcajeequired 
for the production of thrf steam necessary Tor flic two i)roc(i(i.se.s. In 
the case of the producer fiAJ mentioned, only ini inconsiderable amount 
of steam was rec^uired IW driving tln^ fan,,\\uiile iJie constimption of 
steam for the producer-ga.*l was comsidiiu'able {20'3 lbs. steara per 
100 lbs. coj^l). It is true tliat imndi'of the IicaUfroib the coal which 
was consunyi'd on thc»grate of the bo^'r,wms transmitted to the stean^ 

’ aniTthus, after deducting the li^aitdosses in the jlljring, w.jg a gain to the 
producer ; the remainder of the heat, on the clllier hind, was 
in,covering the heat-l|fc!ses of the* boiler. 

* Ur^er such circumstanceil the heaf-balance.s for the two producers 
are as shown inUTable Y-f~ 
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, •]n (li^or k*ju(l^c oonectly i,S JicnU'crmoiuv ui hot], ci.ao.s we 
lA'iist^rst ti*e into ('oiij.iileratioirili.. u.a,. (lui,t i„ t„ j„. ’„,,g 

In many oaKos, gas-fiie] can he n.acd m (hi' fnniacc wilhoiil any pie- 
.paratory cicamn!- iun] coohn!;, and in tlie nnwl favourahlc eiicnm- 
stenT,ca all the (pi.nitilK's ol, heat yiven ‘2, -I, and (! can he ntih.sed 

tire Iree heat, il is (me, lieinj; eon|,in#eii(, on tlie fnrnaee heim. in tlie 
in.,fiedin,te vieiiMy of l,he inodiieer. Tlie eflleienev slionlif ui .siieh 
circumatanee.s any.iinl, to a.s inj.eh a.s .s!'h2!) per cent, in the fonner 
'•ase and 88-2 per cent in tlie hil.ter; (he luol-ceononiy will h» 
about, as good iii both ])ro(lMC(‘rs. * ' • 

Oi* the other hi^l, the only hnl,-,hl,'/„cl fot ,ias-t;„,ines is cooled 
gas from which (hifflii.st.sool,, and tar have heeii carefully removed • 
and so, in this (•is only t,hc reniaiiiiiip Indent heatm'2, of which 
iliere can he iiiiv qiie..ri,ioi,i, amoirtitiiio yo-of; ,),„d 73-05’per cent 
.respectivSy of (he effective heiitin.e value 'of the fuel. Under thi,s 
asrami*tion, the produwr-gas ineldiod gives arhetfer result tkan the 
original.,iiemen.s proee.sH.* ^Vill, respect to lift- nse of the ga.s for 
motor p*irposes,«t i,s. fiirtlur shown hv TaWc V. that, in the second 
test the generation of steam demanded* h coiisiderahle amount of 
heat, and-the sukstituTivn ofVree gas-hea»'lor fliis, in accordance 
with cater improvements in.producers, dhould greaflv eoiitrilmte to 
the increase in cWlciivicy, 

, As leganls the loss of hcg,i„Ki ,i, ni coiiseqnf'iiee of tli 4 ‘ separation 
tar ?,.c., t*e heirWhydrocarhoiis, it increashs in general witirthe* 
jaopijrtoii of li^drocarTion compoiincLs home by the fuel' except 
when the gasification, as Vi 11 be Shown lateAon, is carried out nn 
^tne principle of transfory^ing these chmpounds into lightea*** non- 
toondembliigases. In the greater number oiproduceiS used fo?power 
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IJtlropses, the fuel, bowevS-, is gasified without ajiy depaHuVe^rom the 
ordinary produccr-gas method, for which reason only fugj.s poor in 
iiydrocarlxtfis can be used wi+h advantage, tVoiiri tlic point of view of 
hca^^economics. It is^i'asyto e.xplain the high cfflcieneieaof 8(.)-85 per 
ceit. which are often reached in modeni producerB, whew t lie imjuove- 
ments mentioned a,Md tlu; g,jpat care with which fiK.'lsj are ofien ciyvhen 
are faken into account. » . ’ j c • 

AS wSs said just now, tlie raw ga.s from a |>rodueei' mnsl he cobliJrL 
•and carefully cleanu'd before it is used in |l|e'engii1e. In tins procraji; 
an endeavour should be made to seeme (he; most elTeclive CWmilg 
of the gas»posrible, chiefly in order M reduce its volume, wllereby 
a greater jiower wi’l he oblained Iroin a gas-engiintiof given cylinder 
diinensinrvs tiain il, on entering the eylindep. ,i|ie gas he at a eoim- 
paratively^.hi^'h (.emperatnre, The colder gas eordrihntes, too, Uo 
the cooling of the inner walls and valveS'of the e.ylinder, and ])ennit.s, 
withoiy! inconvenienre, ol \,lie employment of high conifUession.' 

ft need hardly be said that mechanieal jinpurMies in (he gas, su.ch 
as dust, soot, ashes. will have an injurious efi'ect'oii (he walls or 
(he cylinder. Tar, on the other,hand, deposits itself mostiv on the 
valves, which are therehy hindei'ed Irojii iviosing tighUvpor itomidces 
the valve-stems stick. u i " ,, 

ft is true (fi.it it is im.ssilile l,<i ga.sdy orilina'ry hilnAiinoiiR-moTil 
and, by means of thorough cleaning, to make raw-gas info engine-gas, 
although the heavy iar-vapours are very unpleiyjiwit mixtures (o have .. 
to deal with, even if the he.s'i cleaning apjiaiatns'is used, for’fhis 
apparatus has often to he elean.s’iMl from the sti(d,y la-r-|irodnc(s wliicii 
arise from tfie condensation of the Iar-vapours, whi(‘fi, together woTTi 
the eleaning-water, form a '.smelling,,soapy eninlsMui which causes 
ipuch trouble and inicirupls the working. 

l^ven if, W’ith the helj) of (he most elTeetive.jrhsiiiing a.]ipara(us 
comparable with tliae used for <h,, pre]iaration ol illuminaiing gas, 
it were possible to gel Irom ordinary hitun.'iiious coal a. gas v\hieh 
as far as composition‘Went was (piitc lit for fornialion of 

clinker, with its disturluiig iiAiueiiee, wliieli i.s c.lten very great, would* 
still have to he dealt with. A [irodueer eyhieh is to siipjiljf gas to a 
gas-engiilK' should alwaiys he able ea.siiy to suoply the amount'-'of gas 
which may he neeessdry at any given luvie The ga.-i shpid,d‘al.so he 
of good and fairly I'onslant (|ua.hty at ale load.s, soi'lhat lh> engine 
will not he in eontinnal lux'd ol adjiisl inent, Thesy ('omlilions, so 
ah.solntely indispensable V.) (horoiiglily safe gnd ee.moniieaf working, 
are often very im|H‘rfeel ly tulTilled when t!n> fijel eonsisls of hiliiiiMions 
coal. Ilerejt is the jirevionsly inenlioned had i|aalilies of the cyal— 
^sueh as cak^g, giving-off liiinid ehnktir cle,, in the presence of heat—:, 
whioTi in^sneh a high degree repder the inainleihince of-a sufficiently 
large,-effective aftd proiieily teinjiered rediietion-sih'faee of lJn,*.»oal 
a jpatter of such (Jiifl^lty. On*,bis accoAnt it sometiincf happens 
that t"^. capacity lof the prodbeer is occa.sisnally so far low-ered that 
the wonring muw be stopped for some time. 
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It true'that the provision ot a sulficientlj^iarge reserve woitld 
contribntQ, to the adjustment of the variations in the amount and 
compositiomof gas, but this has the jooonvenicncts thabit increases 
the cost of tonstruction and that there Hi a {jpeater consumptiyi of 
coal, as ooraj^red with enpifies where a reserve can be dispensed wfth. 

'^s the corf, of construction and upkeep in working with pro(^oer-' 
gas obtaihid Iihra (joal rich'.in hydrocailion.s, and the more or less 
^uWertain and unccononycal working based on the use of tjiis gas* have 
thus contributed tliPir sharf to check ( ht! more genaval adoption of such* 
plsuw, it ha.s been airii{i,st exc.lu.sivcly such kinds of coal as are poor in 
hydrcftarbofis that could be Ased. It was the untiring Wi'ort.s of the 
last f»w years to find ii producer that wa.s capable (t' gasifying any.kind 
»f fuel, tliat first, gane |ise to jiroducers whose const|uctkni renders 
.it po3.sible economically to produce, “power-gas” out)« a number, 
at least, of fiie.ls rich in hydrocarbons. As thcse^iuethods, together 
wfth the app'aratus belonging to them, prftciit, on comparison, fairly 
injportant differenced from tho.se intended for tuelspoorin h ydrocarbons, 
Ihe former and the latter methods and appafafti.s will lie treated 
separately. , 

We musb, Ur begin witd.g consider certain arrangenipiits which are 
,c(fmman.to btith methods of prrodVetion, viz.^' t.hose intended for t//e 
^enefttlion 9f slc(nii,*awl for llir !<‘ailiti^ of the ('omliualnm-uir minfled 
with steam into the producer. 

The, produce!- described ahov(! got its supjily of steam from a little 
boilhr whie.h was'heated separately. Although the sleiim was blown 
ifi together with air and, in aceordaftee with what was sliown there, 
file temperature of the issuing gases was theiehy essentially loweied, 
we can convince imrselvcs, how<‘Vci-, by c;i,sting a glance at Table V., 
■that still neSly 10 per cent, of the effective heat nig value ofthefw^ caii 
be found in the, form oifree heal in the gas that p;isses out. VVhen the 
gas is cleaned, this amount ot heat k of course lost, going off with the 
lukewarm water that rufs oft from tlie eh-ansing ajipai’atu,3. 

Ifrom whatiif ', 'Accn said above, it would h# useless in endeavour to 
diminish the said loss of lR>at by iibt coolThg the giis as much as possible 
during ■t!^e process of ch-ijning. The plan would then jiresent itself 
of letl«ng the gas give s free heat to a useful'jiurpo.u' hefore»passing 
the eletipin^ apparatus, vtg., the itineration of the amount of steam 
that is <n.ecessar(\. The following .simple Calculation .shows that, in 
ordinary cases, the arrjount of heat thi- Igas^takes witli it out of the 
producer 5s really<Suflie!eyit for this purpose*.— , 

The gas from a .seiui-wn.ter gas-iiroflmau- luijS, when it issues, a 
temperature usuall)*exceeding S10" F. If the specific heipt of the gasi 
,is taken at 0-0187, and the.yiCJd so low as 7T cubic feet ol gijg (at, 
14-7 lbs, and'52“ F.) iler 1 Ih. of fuel (wjdch can'easily he ohtafned with 
*anri)i^«ite), the«’ is thu.s obtained (under the supjiosition that the 


■ That amount of boat, iif B.T.F., ncces.sary fur raisit%lhe (.empetaliire of 
oubfo footot gas (reduced to 14-7 ihs. arid 32°.Ik) through 1“ F. 
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gases leave the vaporiser*at 300“ F.), for 1 lh..of ga.sifie(l fuel, .not 
lets ftan 77 x0-0187 (840-300)=778 B.T..U. avaihiWc i 9 r steam' 
production.. 

The proportion Do.ti^eon tlie amounts ot luel and ol i^eain diltcrs 
verjrinuch in diflerent plants. Above all,*it is tlia ipialijp of iihc fuel, 
•the in which tjie regulation of f lic water supply is canied i^flt, 
the construction of the gasJ'ngines, a'lut*other eg-cuntstanfes, winch 
are thecatsi^of this. In ordinary jilants, Ihe ^veightn'cfation betwfelf 
Ae steam and the ^uel anioiiids in genera^to d-3-0-7. For reasoijj» 
whioli will be mentioned below, (In- formation oTyfrani in the vapoTffifer 
(figs. 13-15 ^d J8), w-liieh is heated blithe gan, does not»lahe^ilacc 
under pressure. As* besides, I he steam in sneh jllanis is nsLially*;on- 
veyeef to tlje ]n^.dueers in a saturated eondition, ^nd the total heat ol 
such steam be,ii*g 1147 ll.T.II. per lb., t here is tinis required to produce 
steam from feed-water at 70° F., an anionn* of heal olO-,') to 0-7 (I M7 - 
38) B.TJd., f.et 353*10 776 B.T.U. ])er lb. ga.silied fuel. 

With the helj) of the vajxuiser-, arrangcrl in fhe way mentioned 
above, we can thus s-ejain from 30 to 70 per cent, of the free heat of 
the gas, which would otherwise be ^ost in the cleaning-water. 

A large number ot producers for seini-\va*er gas liaviwilso th('*com- 
bustion air supplied pre heated, (fe In-at being then, fco, olitainefl 
from the hot prodneer-gases. In ge*ieral, tliwethre. by h lie ii#roS 
duction of vaporiser and air pre-heater, about (iO pei' (-i-nt.. of the free 
heat of the gases i-an be regained, which is equi^aUmt (,o an increase 
in efficiency ot about C per cefft. In reality, the giOn obtained will 
be-considerably greater, those lo^es being removed whieli ari.se from 
the small,*specially fired boilers worhing with |)oi)r elfieiene.wi By 
the use of the ahove-meulioned ap])arii4ns, it was IIids made ]iossiblc 
to^di^ense with the generation of stea.ni under jn-essuW, and the 
Simplicity of the vaporiser made fitr smafler ilemainis on the skill and 
attention of the attendfiiit. 

In the middle of tlie decade 18 !) 0 -I'.Kiy, Hriner and 'I'aylor 
succeeded, on a small ,si-.ale, in making a prodii**«(,''« suitable for 
motor purposes, with the help #f open*va])Oi-isrt-s,*n whieli the mixture 
of steam and air streamed tliroiigli the prodnyer by fhe ■iwcMMmfireated 
by the siyction ot the engtiic. Tliis gave origin t he so-called molion- 
gas phmbs, which now liave almosjl. eiitirciy Tal<cii tlig p!^oc,«f the 
older plants working under fu-essiire and witA a S))»cial«l)oiler. •Tiiese 
latter w-ere invented by in 1881 , and a^e usually called after 

him, “ ZfowAson gas gdant-s"’*((/'. figs. 17 alnl 18J. • 

In a suction-gas plant, ex'aefiy that am«i»nt of gas is prepared that 
the engine uses for tll» time lieing, whiili, however»in union with^ho 
vacuuni constantly existing in tlie piAdiicer, renders possible, in a 
8*mple*manner, the foritiation of a ijiiantily of .Steam coi*e.sponding 
to the amount of gas used for the time being,*witfi tite assistLgcp.sf 
the above-mentioiieif vy(i)oi-isei--a[ipgvatus. ’As such aii apparatus 
can,'wit'^ut inconvsnience, bo jlut into comnypnication with the outer 
air, the Bringing ijigelher of air and steam usually takes pl^e h^ the 
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comlniflion dir heinq.svrM, throuqh the mf inner, ki doing which, hh^ air 
mixes -sfith the steam. The mixture of steam and air is then'ifedj’as 
usual, in und^r tlie grate of the ])i-oducer'. < 

With- pr-essure-gas phiiits it was, in general,- easier to get gas of a 
constant cft-nposition. Tiie ])res.sure of the steam for the irijactor 
(Toes not .seem to have hud any great, influence either on the iyiioijn* 
or the eo1npo.<?ition of the gCjs generatedr and it w.as possible wfth the 
"old Doiivim phiiits to blow gas of good <|ii.'ilit,y and an even cctmpo.si- 
i-tion, whereliv the load could be allowed to vai'V very eonsidcrabhy 
iioiii the the i^as siifFeriiiij: lo :iiiy yri'iit deorcf*. 

/Vn()t]i««r (‘-irciini'.'itjnK'e ^^r-onirilnited doulitli'S!^!!' tins. Tlie 
Do-rt'sov pis were omslnieled in aecon'mnee with th<“, style 

of the old i]]ut)iin;i(iity-pis works, f'speeinllv as t'ei<irdfi Ihe collec¬ 
tion of f.h<i pis iinmedi;it(‘ly heloK' us<‘; jnst jis nn dlliiiiiiriHliug-pn-s 
work's is provided wilh a prs-holder for tlie colhH'tioii of the pas when 
firodiicod. and for prorlnrijiLr unifonnite in the cast' of :pry ^^reat 
ynrialioiis in ]ireskure or in coinposil ion. so one part <>[ a jjou'soii 
plant, too, w.ls a yas-holder, aUhoniih it vas of smaller dimensions, 
and wa-s used for otlnu' r<‘asons as w<'ll. 

T.*r lli(' p'^ater mimh. r of Boidhou ^as jdanls, tire cliarsiiii' must 
'T-ak<‘»]»ilace iti short, intervals, usn illy 10 fiOmiiimtes, if the height of 
tbt^'colun'in of eohl in the ]>ro(iiirer is to remain unaltered, whifdi. in 
jfcneral. is om* of the (hief eonditions for a sti'ady supply of yood yas. 
Now. from tf'sts'finade with prodiicfus at work, we know’ verv wad) 
that the ethadive h(‘a.tin”: value of trhs is suhjeel to periodical varia¬ 
tions, wdiich do not ai'is(‘ from iimwm'j loadiny, faults in the construct ion 
orreonlation of the vaporiser, or uneven composit ion of thh fuel, etc., 
but from the rvharoiny. Afl'‘r each cliar^inir. the elective heating 
value of tfil* ga.s diminishes, followed by a rapid increase of the .sa);ne. 
after wdiielr there "s only a slow increase until the maximum is reached, 
whf-n the heatinp value again dinrnishes. '» 

It is evtdimi. therefioro, that th(‘ gas-holtler of a pressure-gas plant, 
if it wa.s larg#- e.^9ii<r]i, acted, in some degrie. as an adju.stor on the 
composition of the-, gtis, and 'ihus helped to obtain an oven and 
econotrtical working. 

Another I'eason using the gas-holder with producer-ijas plants 
workVg pndiy pr-essure \w^s the folhiwing :— 

The producer in siichti jdant does not, as is the case with suetion- 
gas plants, pyodrree pis jirst to the amrnint deniainled hy the load for 
the moment, liUt the .■nnou'nt of the gas-fh'velopinenf in the case of 
a gas ])lant do|'OT:d<‘d in tin? first jrlaee on the admission 

of, steam to lire injector. As tins coirld not i.te easily regulated, 
either hv hand or hv any de’v’jce. so that ju.it the necy'ssary amount 
of gas sho\dd be prAdueed. it w'as necessary, for ihe sake of reliability, 
tHVprtrvide vsmfii a plant with a ga.s-liolder in wlnek a large amount of 
^s could be (;<)llecte<] to serve ks a reserve,, With the introduction, 
^ the gas-holder thorp also came an nulomni>c. refjnlaii^i of the 
%njector,M which more wdll be said in the. fifth chapiter. 
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.•In tlie case ot 8«cti<m-p;,as producer, a simple method 1ms been 
fduntf of a.voiding the inconvenienc.es whicli aiisc in Cohs^ucnce of 
fhe periodical chwgine. The^iew-fr ])roducp*s, St le.'ijt, are. provided 
in general with n fud-Jfopjmr M\d Jhrl-miipnzim^ •\\\\('r<'h^ the height 
of *Ife column oE coal can more easily Ixf he.p1. c^mstai^ and gas of 
•more,cvcn quality js obtaii^nl, oven if the prodnoi'r^ are cliargeii'at 
greafer intervals of time (ifl p. 70). 

Tift' aSilhy of a. .suction-gas jilnnl lo give as imii'li gas as tlie potv# . 
ftleinands, isusnnlly jji.rained i,o j.lie ulniost r^ben tlii- load ot the engii^ 
suddenly jinnjis up Ironi a low lo a nia.vimifijftnie. and ri'niaiitff'.M 
about the mi.vivmni tor a (■onsideialileftime. df, nl, the *!anie*lime. 
tliej^el is of poorcuqilalitv, such as dust coal ol efgihering coiiVtlie 
mixture o^ ste^m and air is exposed during ils,passiige tliiliiigli the, 
producer t.o a.*con.sideriil)le I'esislaiice, which iiiiist, be overcome by 
more ])oweidul suction in the engine itseW. The first consequence of 
this M, yiat lift' vaellinni in Uie eviinder of the engine d mi lift the siictiiTn 
Strok?' 1 H'conies highei tha,n iin<!er norma,! eoiitlitions, for which 
reason t he engine, •jiiftt when the iiia.\iniiiin |>ower ift lo lie given, 
docs not receive the weight of gas corresponding to the load. The 
consequence is lliat the engine slows ilowiifiiiilcss the ^iwl is aft once 
red need. 

The jires.snre-gas ]ihi.nt, on the ollfer liand, po.'ftiessed, ifi the Ifthtflf^ 
pressure steam at its dis)iositioii, a eerlaiii working-reserve lor driving 
forward the iiii.Ktui'e ot steam and air, a, reserve I'lMeli proved ol very 
great serviee uheiiever i|. had (ft overeoiiie any great,lesistaiiee witiTin 
<l.e producer. Hut such liindraffees in (tie way of the gas could alsc* 
ai'i.sc in tfie cleaning apparatus and gas-pipes, it tor aiTy reaso* tliifl^ 
was a delay in tlii'ir clea iiiiig, iTnd I he sl^'aiii resei vc Wjis thus of .service 
oy such occasions too. 

Kuially, another mconvenienci* and one tlial a]*|ieais mo.st clearly 
at maximum loads, il*peii<ls on tlir’eircHiiislanee that. ,air-lea.l* at 
the joints, cleaning doors, etc., are not excluded when siiction-gas 
plants are msed, a.s the |3*epai'at.ioii and cleaiiiiig oA^' gas takes place 
in a v.acnum. The .air which Iftaks inf dilutes ftln^gas, and so renders it 
rnoio difficult (,o retain tl*' iiroper jiroportpm in the mixtui^ of air 
and .gas^luriiig the periftd ot suction. The Wks iieeil not lie^vcry 
big to prevent the enffiiio from working^‘i(,"Tii'avy hyids.^ y»it the 
danger respecting the ri,s<* of cxjilosive mixtiirns b»twceii ijie air 
and gas in the apparatus aiBl'pipes is certainly alt,oget.li^'V exaggerated 
in this case. Wit.li ordiTui-y ^iroducer-ifas .sii^’h a dftnger arises only 
when the propoi-tion lietwceii fthem appr(«i*-iics 1:1, which can no* so 
very easily happen. 

^ The eifoijs which Imvc hecn mad#*lpi’iiig (lie last lew years to 
increase tl^e rolialiilitv ilf snetioy-gas plants liavi'liad them-esult that 
we have gradually Icaiiicd to calciihile llie jfropev »eas a:id,(djier' 
din^nsions ol the a'pjijj^ratus and ^ijies ; the producer-shafts have 
become'qf more convenient forfn, the cle.'i,ni)ig devices have been im¬ 
proved, He., and Jill these Jactors have couttibuted to the rgsult'that 
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suction-^'as j^lants, in the respects mentioned, «may be consideted 
almost as,(!^ 50 od' as pre.ssure<gas plants. 

The adtanl^’es which suotion-has plants have <over pressure-gas 
plants are iMny and great, and, happily,'r/rea<«>- nafety and siniflicHy 
in nfl^ndanc(S)nre not the least of their good (jualitics. 

"■^While thus, .with a pressure-ga.s plainti, .so mu^di of the poisonous* 
gas could Va.sily .stream out aven through small leaksj in consequence 
I hi the difficulty of deleting them in time, that in a .sliiO’-J'period it 
"Vsnidd b<! dang(non.s for tjbe attendants; in the Ciase of a suction-gaS 
plaKi: there would he'. jSi' a .similar event, at most, a dilution of the gas, 
and, hceording to what has bV’<‘n shown above, a diminnticn in power. 

/s regards atteiuianee. there is, in Ihr ranc ojSa nvrUon-fjm '^lanl, 
mo aUoilion at. all In tjiicpoilrr, and the frn'ivg from chnf’ir n'ill he much 
.simpler than with jiressiire-gas plants. Kor, on iu.'C(jnmt of the 
pressure in the ashpit. Ihenloors of the |)re.ssi[re-gas producer could 
oh no aecouht he opiunsl, for which rea.sor the removal of diji clinker 
\\’a.s usually carried out. when the engine .stood still. In cleaning out 
‘ or removing the clinker from the grati', it. wa,.s' fi'i.st necessary to put 
the producer into coniinimication,with the outside air by means of 
the idow'-otfr pipe, and tlurn to shut off steam from the injector. In 
lfio.st itunes tVie engine had to be .shopped as u'ell. as t he gas-holder of 
'silt® a plafit wa.s nflt, as a rule, made so big that, when the clinker was 
being removed, the necessarv supply oi gas could be covered by one 
holder-tilling alonir. The change from pre.ssiire-gas to the suction- 
gas system brought about a considerilnle alteration for the better as 
•far as regards the cleaning-out of, anfi the removal of clinker from, the 
pi'odiif.ers. The f/ralc of a surtioi)-gas producer ran he freed from clinker '' 
V'hilc the eni/nir is- at irork, buttwith the'restriction, however, that the 
‘ cleaning mlliit he done as quickly as possible, chiefly in order to avqid 
a dilution of the giw by a direct ,sucking-in of air. As a rule, therefore, 
suct?/on-gas producers are also Ireed fi'oni elinker after the cessation 
of work, if possible. Ksir thi.s ri'ason, in the case of plants with long 
working time vydeheavy load, use is sonwtimes made of double 
producers, wdiich are-chsaned alternately. 

Fiirally, a stietioti-gus plant requires much less spare than a, pressure- 
gas plant of the same ^avucity, as there is no Heed for a boiler lOnd gas¬ 
holder; pnj it js al.so cheapv to prof are and to ‘ueep up than a pressure- 
gas plant. 0,0 

It is Irue yimt dis^turbances in the tunning still sometimes occur 
with suction-gaS' plantij, but', in mo.st cades', these can be explained 
cither by nnsiiitalile fuel baa'ing been l-niployed, or by the resistance 
in Jthe cleaning apparatus and pijies having keen too great, while 
sometimes the gas-plant itself',s too small. ' 

The tw<J chief nfethods for the format ion-and introduction of the 
* msjtrve of stoitoi and air into the producer ha vine thus been described, 
and the advantages and disadviliitages of epch system having jbeen 
■ pointed out, we shall noy continue the. description (broken o^ at page 
16) of the principal dilierenoes which specially characterise the method 
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of pwiuclion of sucTi gas, according to whether’the fuel-employed is 
rich or poor in hydrocarbon comjjtmnds. 

'SHI Production of Producer-Gas from Fdels poor in H.'^rocarbons. 

• Cfiicf among thfffuels ])o^r in hydiocs^ ljohs an; und A)ke. 

A‘filhqKitc consists almost cntiia'l)' of |iiir^ carl.ion, and Umn 
fontains small amounts ol hydjoi'aibofts, and of mineral eom>' 
pounds which teiuF to form clinker. It i,^ a.ji,nxeellent fuel lorjM^ 
ducers, this being especially the ea.se wilji linlhji iiiillirantcs. • 

Welsh Mlhrocite^'iti the one with the least anio*int of ini|iiiritios, 
for which reason less allentioii and care is nei'iled tilth thw kiml ol 
coai-than \Iitti 9eolch (iiillirtu-iU\ which soinetiiiFest'onlaiiis eonsideralilo’ 
amounts of* (-Tinker- and tar-forming s^listanees. In spite ol the 
incoiueuienccj which iiiiisl be eiieonntered when poor j,iilfiriujte.is 
to be.gjfeified, it not seldom happens, with regaid Wi eeoiioniy in work¬ 
ing, that a better |C.^ill is obtained with such eoal.tlian with the 
Wehsh or closely allied coals. iTlie difference in price between Ijiem is 
the first reason of thi.s ; we also iitivv know how lo make a. hetij'r use 
of the modilications in the coiistnution of the prodiieei%iiiid cleaning 
apparatus which arc reTulercil ne(*s,Hii,ry bv tlie u#e ol a. i^iorerrpi 
yinallcr-sized producers should, in general, lie charged iiith anthracite 
of better quality. 

The size of the cool is of iuyjortauce in clioosTlig fuel. Too siiwll 
coal easily falls through t he air-si^-ices of the grate, and, in eonseqiiencij 
of the gre»t resistance which is ollered tn tlie air by tliejightly ^aekwJi 
coal, it shows a certain dis|)*isitioii to leave the central jiart of the 
producer and to pass along the walls iii.?t,cad. Here, then ^oiiibiist.ion 
'Kill be more ciieigetic and the yeat greatest., and, in conseipience, 
clinker will easily forn^along the walis, from wliieli it will lie diHicult 
to remove it. In addition to this, the air easily jiasses along between 
such projections of clinker, and consumes a. jiSrt 1 1.1 li e gas which has 
been formed, with the result Jjliat the (pialit^ of tmT'gas is lowered. 
If, on the other hand, thiw.oal is too big, the maiiii.eiiaiiee of<in even 
production of gas will rjjipiire coni]iaia(ivel\f large jiroducers; aijd so, 
as a rul?, anthracite o^ greater diraeasioiis t.li^ three limes Ike^widlh. 
of an air-space hetween Ihefi^c-burs »ftlie )/r(Tle is not gen^trullf ified. 

It is often found advanJugcnus to use ii mi.rlure of mediu m-sized 
and small coal for chai;iri^g siiction-ga* proili#imjKijj!jK!?w8S!!jfc|^s 
a good mixture oa» be had at^a reasoiniblc p^i|^^-il#ue 
neglect to find out tlw kind of coal, orjiii’xtimKf cbaLriffi:^, in 
special case, gives the’most economical j-esuJ&^li an i^fcaSe anu^lH^ 
of car*, andj*ith few or’no interruptions, 'f/ , bfuj 

As the^leanin^ apparatus is*really iiiAi(lc*l to*tiltytM^he corf- < 
dust and soot whicb accompany t(tf gasff!))pcial im^ISliaS’M^Mla, 
as sFrule, be placed on^tting^ood antliEtcite, in ord§r %o^void the 
troables(>me depcwils of tar already spoflMWof. lAi ttiWi ^^tfteXases ' 
of coal in general,'o/ie shi»uld»try^ get th^ri/cslQittKtiifekiJid/ydien 
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buying fuel'for'a produce^, and care should also be taken that the 
coal, wlit’h ^stored ujl-before using,idoos not get daipp. 

■ Thus, from Vhat has been said abovc,^in order to get producei’-gas 
from anthr^/iito in^ordinaiy suction-gas pioSucers, it is siiitaW^, to 
use coal frcejroin dust, and from [j in,cli, lo 1 i inch in size, with a .wiaH^ 
’pcr'centafici;)/as/' (liid mtalilf i^ithrlaiiccr. 'jflic effective heating vtSue'of 
^uoh anthracite nsuillly lies between If ,200 and 15,500 B.T.IJ, pgr lb. 

As regards tlie coni position of |irodiieei-gas, when thuiiiel c.un.sistf 
(K^e.r'tliraeite, gas-aifilysefi show jirid ty large divergences, even wdieii 
one >!iid the saiiie sol/ of coi^l is used, for wliicli rea.son no absolutely 
definite statenieirt ('.ui be niade res|)e( tiiig the composition of such 
gas. A •percentage composition, however, would jircJ^iably be About 
as follows :— ' ' 


Carbon dio.xide 
(.larbhn monoxide . 
Hydrogen 
.Midlniii'e 
Nitrogen 


Ct)., (i volume per cent. 

. cO'd.'i ' „ 

. II lb 

. CH, I 

,. 'N .52 ,. 


( The i/ichi varies, according to.' the i haraidcr of tiie coal anil the 
lUl'fe'icncy /,d the ]iroducer, as > rule, between 7(i and 82 cubic feet 
gas (of If-7 lbs. pre.ssu're fier s<|Uare inch and •i2 h’.) per III. antlnacite. 
The elTeclive heating value of the gas is, on an average, 110 15.T.U. 
]>'r cubic loot at 3g' F., or, as lOO eubie. feet ol gas weigh (1-75 lbs., 
{about 2080 IJ.T.U. per lb. The sycilie weiglit coiujiared witli air 
n' about 0-81. . In order to eoniplelelv eonsiinie I cubic loot producer- 
gas of the above conijiosition, there is ri'i|iiiied M cubic foot or ()'089 
lb. of air,((V'hiidrgives 1-dl Ib.'air to 1 lb. producer-gas. A jirodiicer- 
gas richer in hydrogen is soiiiei,tines loiinil with a lower .sipcoiVic 
weight and higher lieating l aliie (Mb 15,T.l).), but then pre¬ 
ignition not unfreipu'iitly occurs in the engine, especially with high 
coiupre.ssioii and^J',eav^ load, if the engine^ has not been specially 
regulated beforehiind fey vvorkinc, with.yuch gas. 

is chielly iflitained as a by-juod.ict in the manufacture, of 
illuiginating-gas, or as t'iie chief product a large scale in coke- 
oven,i). ecrtaiii by-proft'. . Is of the itluniinaliiigyras obtained being then 
utilised, ihilestdlie gas is ifut to dt iirdiiiivy use. In both cases, coal 
is the iaw' material. Both kinds of eol;;;,, rclorl-iohc and mkc made in 
opens, can, as'.'i ( iile, l,.‘ used rii suctiun-gaj, p' odiicers. tloke made in 
ovpns is, liowever, hai'der and more icompact t.haii retort-coke, and 
docs not suffer so mu.di irons transport and pressure as the latter, 
so that it can, without incimvyiiencc, be charged in verj lofty shafts, 
as is tlie j'lise. lor ..cxaiiipre, with hlast-luripices, etc.''Its effective 
heating value^iji, in grneral, higher Ahan that of gas-cokc', and coke 
mifde' in ovens can, therefore, l)i{, relied upon to give a higher tem¬ 
perature and, within a certain volume, .v great/r amount of gas and^eat 
developed, than would be the case if retort-coke Wrs used. ' 

For Siuction-gas producers, vigil-waihed and,^ Carbonised coke is 
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gep'er%lly’used, contafiimj a small pervetUage of ash, and about finch to 
l| inch in size. Coke o£ Icssei diu^usionsj’.siydi |i.s ecik’c dross, pcavl- 
eoke, ■eki., wliic-li is*olitaiued hy^croeiiiiif' oviui- or gas-cslic.^dti'u gives 
oil a iarge (|iiiiiit.ity of Ii»|iiid clinker duriiig^coiiilnistioii, lusl so fliei-e Is 
■souR; ditlk'ulty in giisifying siicli coke in a.n ordiinity siicliKn-gas ]]lant. 

* -Tljb cfl'ective lie»ting vallfc', lies hetwq^ni 11,000 iiJi4 l.'l.oyo B.Tj). 
per 11)., r^roducer-gas ohtainfd from eoJvOis, as a mile, "ml s* enriclied 
\|ith liydrogtiQ a.s vvlien the Inel con.sisl,s ol aiitjiiaeite, w'hicli is elearl/ 
seen by the elleclivs* liealing vahm of tbesgases obtaineil by usiniy’' 
the one fuel or the otlu-r. When coke is usedVi* fuel, tlierefori^ we 
can calenlate'*oii’'Ido 11.T U. pei eiilne loot gas^jif Jl-T Ib^. piessure 
|a r S(juare iindi aiulRl2 h’.). Now, lOO eubie leel |i*iduiTr-gas f^iiii 
coke weigl, abcflll 7-5 Ib.s., and thus I he s|ie*'ili» weiglil. ol the .gas ■ 
will be Odid ias®eoni|iared v\ilh an. (loiiiplels' (oinbllistlon of I cubic 
fool of such "i^s <l<i“l4iand.s, I heoietica,lly, ,if Ic.ist 1 eailiic fool, or O'OSl 
lb., ol.aL'. Thus, for I lb gas there, will be needci^ I-OS II*. air. * 


«The Production of Producei-Cfas from Fuels rich in Hydrocarbons. 

To be leslricted t,o I he use of,some li% .solid fuel9^.s evil Rintl^ 
attended by a iminbei oFiiieonveni9in^‘s, such as t he variat ion tip price 
due to variation in I he deniaiid. We may take, fo* example, the CSse* 
of the better kinds of anthracite, as things are at pre.sent in countries 
wliicli liiue. to init>oi't their ei^al. Apart Iroiii fiolsjble increases 
piice, the C().st of the kinds ol aij^tliiacite and coke wliieli arc poor m, 
.fydroearlipiis considerably c.vceeds what iniist be pai^l lor ordinajijj, 
coal ; the nece.ssity is .seen u| being able to .gasify eoal ol \9ryiiig 
composition witli ecoiioiny and leliabilify. And, ('ve« if (lie attempts 
.•i»de«duriiig the last lew years br eonstnicl fully suitiflfle power-* 
producers for bitiuninons laial Lave got yet been Unowned with any 
great siiecess, the efforts in.ide ifi eominon 1o olitain |irodueei*gas 
from any kind of bitiuninons liiel have had .i,<a re.sult, that two such 
fuels, peal and lignilc, have lie^ii empjiiyed far moil^.eee.ssfully. 

Some kinds of eoal, tlgise e.speeiallv whieli .9ie chi.sely rejjitcd to 
antliraeite, have, il. is I rue, been siieee.sshilly gasilied in .specially 
construifLed producers, nut i.lils was either at^-y large plants, vtliere 
it paid to make it.se on a Inr^c smlct>J'a nuitthef of Ijg-iimuluvisJlfTim the 
gas, as the income from ll^cjc |iaitly paid*t,lic wftrkiffg cxficiftcs for 
the production of energy-, oi else wiicr^ the iih|lisatio» of the gas in 
gas-cngiiics was ol wibordimit^ iin|ioitancc fo* llic jiRiiits in <|ucstion. 
The comparatively p<Htr (’Jicicnri/, togctliRr g'itli Ike gical expenses 
foi iuslallalmn and fborhnig, have also eimtuhiil.i il to restiiet tjioir 
more |«(eiioi;ijJ*udoption ;*biit, ahove all,?f i» lltrgmtj leant of adaptability 
of the coulfpwduccr in fl’gard t» different kiiigls oj fuel, Which is its, 
most striking fcafuigi in comjiarisoii with the iiiodcr# .steaiii-fl»«ts, 
whjuh generate cheap stkiuii b^ me?us of even the worst kind of coal. 

But/iven if ttcfiuctlod of cndeavourinjgto remove the tar from 
producer-gas obtained fjon^ ordinary coal -by means of laechanical 
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. purified I,ion. oaii be eonsidered as a way of prep&ing the said gRs'for 
gas-cngii>js, tTic iie.d%Hcti,p)f of Ike t^r-produrts hy their decomposition or 
combitsiion' in h'lc producer itself must. Ws considered 'as the only correct 
principle, iiraccordiince wi^li whicb it oiiglit It) bo possible to pipduce 
fully usiibkV cngint'-gas fi'oni bituminous fuel. In tliis method 
pf»cedur^, the ■ [kcrceut-iige ^il tur in tli# gas fi'Otii peal- and lignite- 
producers, at least, «has not 'i-noved to b/ so great that it Jias ^caused 
any considerable mcoivteiiience. The gain is not, howoGcr, oonliiiejl 
V'leiely to the obtaining<ol l.ui-free gas. By the utdisation of the 
valual)h‘. lai-pi'odiK'fsi’loi' the devekijuncnt of gas, the eliicieni'\) of the 
proffiicej' is ofteu_ eB.sentially jneroased. ' 

‘idcconqmsitiotr can lie imagined as s<i taking jtlace that the heavy 
hydrocarlions are allowed to pass a layer ol ineandes.-.ent'eoal in the 
produeei’, wliojeupon thi’ <'(impound,B ai'e decomposed b* the action 
of the heat and give, oil eifrbon, niitd at la.st only.permanent gases, 
metifane espeeiallyj remain. This is a giis rich in hydiogen, el low 
specilic weight, and po.sses.sing a high eti'eetive,heating-value. 

If, on ilie‘'eoiilrurij, the henry gasps are harne<l in air. water and 
carbon divndc are lormed, and heat is developed at the same time. 
If tlfcsc products of coifdiustion, are also allowed to jiiiss through 
incamltscen! coal, the eaiboii dioxide wih be reduced to carbon 
ilSnoxide,^w'h'de llie combustion watei' is decomposed into hydrogen, 
and gives rise to the formation of eurbon nionoxide and carbon dioxide, 
in agreement with die course of the rgaetioii in an ordinary jiroduccr 
.for semi-water gas. 

In a producer for the jiroduition of tar-free jirodueor-gvs which is 
ohargTd with bituminous fuel, both ,processes usually take place 
simultaneously if the temfierature exceeds about 18(X)'’ F., the tar- 
vapours pfi-sent beiug led, together witli air, tliroiigh incandesoeAit 
coal. The heat .'.rising from the comliiislioi^ of the tar-vapours is 
thefi added to the other amount 6f heat in Uie producer disposable 
for reduction. If, on the other hand, the temperature is considerably 
lower, tile de('OBE.ii/'ositioii lakes place [^“js completely, wliich, amongst 
other tilings, ap]ieaJ.s from gas-analyses made with such producers 
before normal workiiig-twiiditioiis have set in. 

Very illustrative i%'Jiis respect arc the anal^^'ses in Table VI, (p. 07) 
of ga's, fiiyiii I'l Kocrling •peat-gasi producer. From these analyses 
can plainly li'e seen, afnongst other I,flings, both when normal 
working eondilions set,in (inaj;ked liy the aliiipst total disappearance of 
the heavy hydi'ocarhoiis and hy the^simiiltanetuis increase of the 
pei'centagc of carbon iiiodokidi', both of which ore manifestations of 
inciipased temperature), and also that a conf^iarativo'y long time 
elapses before the highest teiupfual ure is at all attained in'ite preduce*. 
Although the low jieaj[ing value of the jieat also contribttl.es to the 
leugthsuing oFlbe time mentioned, the chief repsdn is to be 'sought 
for in the circumstance that the proflucet,,!;ii the case in qaestion, 
, was quickly taken into use again after a long stopple. In i^ny case, 
we see by..what has been said above,,that jibe .transfoTmatioti of the tar- 
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V 9 ,jiours into permarftnt gases cannot be counted on with full certainty 
unless a certain minimum temperciture (aBout ]i60(t° F.) i.i'^xceeded, 
but also that, even when it^is\a question of watery peat a's fuel, it is 
still jossiblc to retain (^uiliiiTiuiu in the r^ht (!omp<>sit.K|i Of the gas. 
^ Tinally, a glance at the variations in the effective heating value 
(sec 1^10 table) inay^re of .sofhe int'‘re.s1. •^First., we h<f\'e to J'einend>er 
the high ^leetive heating %*aiu(' of niefhane and the heavy hydros 
jarbon.s (IJfc latter con.sisting ehietly of et/o/ioie), which are u-sually 
given as it.bO and i.'idO B.T.U. jier eiibK ’iojU respei tively. Thiu:,’ 
even with a percentage of (1 per eei^t., imViaiie eontribntqfi 57 
B.l .U., and*tiu^ amount ol ethylion nis'd onl^ bt something over 
;;-6 f*r cent hn the*ame aniouni of heat to be obtaTned, I'^roin^his 
may still hirtli*- be seen, lir.st, the importaiKs' rS utilising the latent 
h.'-at of th(*lifavy iivdi'oearbons in the manner before iiientioned; 
and, secondly,^ t lull, the elfective heal ing'v, line of I he gjs can .sho.w 
impo^tatit variations, aeeorBing as the tiairsionnatioii into pernnanent 
gase.s takes place at: a ^uglier or lower temperature, which can be read 
off from the table nr, once. , * 

At the lirsi ghi-iice it might besmagined (hat the ellicieiiey of the 
producer was eoiisidera.blv great.ei>prior liBtin' setting^iji of nTrrmt^ 
wmrking-eoiiditions ihaff alter thaT l^'mg the gasjieing eonsitler.a, |ilv 
richer in beat during the lirsi period than during the latter. Jiiit 
here wc must not neglect the greater amount of gas obtained per lb. 
of fuel during the hatter period^ whereby the effirdeilcy is increased..,^ 
As to the different nnihods procedure by the helji ol wdiich the, 
principle qj the servieealile transformation of the liydroeni’bons has bcenl 
reali.sed, these, can, in the iiiaii^ be divided into the following clashes :-4 


*/. fla^ijkation ni. the ordiiiarij inn/, hut. irilli the i^lroduction of the 
tar-vopnurs into tlti^-.ofic of romhustwu. 

The forms ol producers bidoiiging to this etass are idiiiraelei'i.sed by 
the Icature that, the proiiiKi.i <if dirliUalion are druT^ofJat the top and', 
are led in a chmd outer pipp either heneuth the f/nfle (I’liilsch ])j;oducer,( 
fig. 3t)) or eloise. above ^he name (KoertiiigVi piodiiei'r, figs. Il7-20).J 
In ordci* however, lo compel the above-ment j(«ed jirodiicts to Iriliowi 
this roundabout way, and not lot risk ll»ir being drftwnjdwvn the 
producer and on towards fhe nuiiii gas-oiii*let in Von,?eqiieiiee*of the 
suction ol the engine, their should be,Jiist, a^proleelife limdranec (a 
column of coal) bidweeii the jjrineipal and 4lie .secondary (jan-outlel, 
and also such arrangements as will peryii?itf aj-eijulutiori of the .suefion 
in the outer ]ii()e. It fs of specially griail, importance that this neeoniary 
suction shojjkl easily bh reinforced in The case, of bituminous coal- 
producer.s4;specially, for there tdie resistance yhich the aPcumulatod 
coal offers to the Jlan-current, inconsequence of the diS|)ositionio<«the 
fuel* totsinter, to give •.£ liquid ciTnker, etc., can easily grow till it 
teaches f, considejalrle amount. Thus the fiatn, Fintsch, makes upe of 

a steam- or comprtsscd-ain m^ctor (cf, p. 95)( 

*• * * 
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But*in tie,case of producers intended for sulh fuels as peujt and 
lignite, the gasification t>f Vliioh tjkes place nioi'c undisturbedly, the 
cpnsi l■^K■tio’n is»a muoli more simple iAay,er. The manner in which 
the lirm, mamiges^this regulation coifcisls .sira|)ly in lJir«tlUn() 

ilie supply (fuir uihlrr Ihr jp-ale !o a yrenUr or less (lee/ree, whereby 
vatiiiiim obiMned sullicu'ntly high fhr su<^kiKg-ull' tlic prcSlucts 
^f distillation. 

li. Vumhiiu'd profet' IVI III ordinary prod uerr for scnii-waler yas in. 
rtinhhialioii 'ivilli a Specially healed ridtielion’fiirt.^KC. 

T<’ig. 1 ' shows a. section ol an experiineiifal gas-jd.ii't aceordltig fo 
the coiistruction by tliV liiiii Dent:, iii e Inch Iigni1e','vas gasified in 

agri'cincnt with thi.s 
f ]1ri'iciplc. The tarry 

gas forincd if. the 
• proiliiccr was carried 

in under the grate 
in ibe- reduehon- 
, furnaee, vvbieh was 

charged with coke. 
Air was supplied to 
the (jveu by means 
of lour blast-pipes, 

, lyiiigabovctliegrate, 

sj^' whereby the column 

' of coke liecame .so 

• sti’ongly incandes- 

ceul. that one'c.ould 
be quite; sure of a 
transfonnatrou of 
the tar-products of 
the ga,s taking place. .As the ligiiila used contained a large per¬ 
centage of moisture—as much as 60 per'c.eiit. of water—coke w'as 
addcjl to the produci'r in order to obtain the high tetpjierature 
iece.s 4 ary for reduction. 

Wifii This'l'kBh hi.5’. gas-ttiigiiie installed, there was 

carriect out, tow'ar(l.s the close ol the yur 189i), a serie.s of experi¬ 
ments in. orde/ 14 -' tiiid*but tin* powei' cu]>a(i ty of the jilant,, the purity 
of |he gas, and the fuel e^qnomy as a*whoh‘. 'l*Iie most favourable 

result gave a consumption of <-()al of 2-6 lbs. jiep li.H.l'. per hour, of 
whit'h 2-1 lies, consisted of raijf'ignite and Ob Jb. of coke* of the latter 
‘ weight 0-lg lb. went.to the. reduction furnace. • The cleaiiT^^^of Plie gah 
• wjia perforniec^witliout difficulty, aifd so perfectly that, aftui' sixty 
hoilfs^operation, only a.very siuirfl de]) 08 it of taf could be discovered 
inside the engine. 

1 and 2 are taken from Z.^tr. aisHlarA. /w^.,*1906, p. 722. . 
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. TMs tiirangenieur was aftenvaids improved iu accordauw'witli a . 
patent taken out bv Dcuiz, in which the profluver tnd the cote furnace 
are conceived a.s forming a fi^n’Jle proilucer, providei! 'irith a dividing 
wall i*i the middle. Oj'flinary coal wu.s to l)e gasihod in tkis producer 
jvifliout the use of .special reduclioii fuel. It wasl besides, a luodih- 
eatioif of the so-ea!^,'d Kkiiihn'x ccal-fowj'r, which lots bee,ji uscd-iu 
Swedea .si^e 1810. The diHiculty. aheidy mentioned, attached to^ 
tjie lieatiii5*‘of coal, respecting tiie maintenance of a gasification 
e(|uable in every resj'Aa l., was pioli.iliiy I he re!!so.n why this const riudion 
did not come info use. 

Of late )’(fars? tile jiroduceis c.oii.da acted b)' Ijie ,l'’renclf linn, the 
I'ump-ifinie ilu (taz Jliclic, I'aris, have, been imiid? spokeij abi^it. 
They are ri*ally Biteiided foi' the jn-odiicl.ioii of ttai'’lree gas out of wood 
refuse, and*,ainsist, iu the main, of two furimees, i\ic J'lid furnace, 
piovided at tli^i kiWoiii willi a step-gral(% and tile r('daelf)n furnaCQ, 
w hiclbis'kept filled with ehafeoal. On the giate ofdfie former furnace 
there is burned the rajv liiel, carboii dioviib' being dcvelo|ied at the 
.same time, in whieli jiioeess th^ lieat- eoiiuiiiiiiK'aiPS il.sell to tlie fuel 
higher up in the furnace, whieh w thereby gasified. Tlie products 
of distillation wbicb arc driven out>iiii tliis manner arc ^^'ked (Town^ 
wards tiirougli tlie c(m/ustioii zoiii',i,ind are llieri; lransfoj'ni?d iiito, 
perniaiient gases. Tlie ulioh' ga.s-streani allerwanis pasises tlirougli 
the reduelinii Itiriiace, lor the purpose of redueiiig the carlion dioxide, 
to carbon monoxide liy the jction of tlie inc.l'iK'lescent reduction, 
cliari oal. As the fresh fuel contjiins a considerable amount nf water, 
1.0 vaporiam i.s, generally .speaking, needed, (hike is i^lso sometimes 
used instead of charcoal. This tyjic id jiroduccr lias come niuc'u into 
use in France, and is said to give goodV'sult.s. 


III. iteverse ■jjrueediirc*witli the uu'-.'iSjijjli/ udmilled iil llie lop of the 
produeer, hut udth the iias-oiiliet ill the holfm {invcrled comhustion 
or domi-drauglil jiroilueerx). 

* 

A Frenchnia,ii. Fauije, makes use of f.liis iiictlidd lor flic jiroduction 
of tar-frec producer-ga^ from wood. The firoducer (fig. 2) confii,sl,s 
of a fireSrick-lincd fui'Hjiec open at, tlie bottoms* under wliieli there is 
a hearth whose liottoni supports tlif' coliinifi^of liiei in ^Se shtiiS. The 
combustion-air enters at thg iop, but, before doing’so, it is warSled in 
a pre-heater, whieli is lipat^al by tlie wi 4 ni gas<,liiel|,e?capes. When 
the jiroducer is in 1)peration,,tliere is formed higli up in the fii^l a 
zone of eomhustion, with a higliest lernpetaliwe at a certain depth 
under the surface [ef. n. 8), and undijj'^this zone, hegins the rednidJOJt 
stme. •Wliai^ fresli fucj is charged front the tipi, it is distilled by 
coming inroi'onta^t with the imdiiide.scentfuel*mdernenth. The pro¬ 
ducts of distillation, together with th^combu.stjou-air,thnipasa tIfrSflgh 
the^one of combustion,»in doing which the former are transformed 
into per&anent gss'es. Otherwise, the gasiliSation takes place iu the 
ordinary way. ilTl^i gas ^dstes oji downwai'dB, as Ijcfore KiPuiponed, 
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at a t^hijici-atiiro of about 570“ F., and is freed*from the particles, of 
ash whirfi follow with it In the pre-heater, which, at the same time', 
does service as a coke-scrubber. All fh^,fuel, however, is not capable 
of being' gasified, and so^we have always tt) calculate on gettijig a 
residue, of niareoai—about 10 per cent, of the charge—which musj 
now and^then* 1)0 rouioved..'i.long witl)*llie a.shet, and throw'llVnto a 
water-.sealed ashpit. The residue can, df course, be fed aMin j,nto the 
^producer togidliei' w'ith#^he charges, after the ashes have liflm separated 
'from it. . ■ , , 

* liven if (he, adva’iKuges {gained by nol being obliged to use a special 
and'c.vpefisive ii;du,etion-fiiel, and of carrying' oiil, (he Vliole process 
in%ne and file ftiiiie prodiieer, are in theinselves*worthy of attantion, 
still it must be urged, against the coiistriietion in ifaestitm that the 

abode * mentioned 
i'oal-p'sid lie, whether 
it is used for.work¬ 
ing tile producer or 
not. .stiil cairses a 
certain anioiiiit of 
ti'oulde. Then' are 
s e V e r a 1 p o w e r- 
slatioiis working rc- 
giilarly wdiieh are 
provided with pro- 
dueei's on til is 
system. . Amongst 
tiieiii, llie central 
|)owcr - station be- 
ionging t« tile 
Montezuma Copper 
., Co. in Naeozari 

• {Mexico)^ deserves 

special nieiilioii«^TIie liiel lliere cuii^isl.s of oak-refuse containing 
about 20 per cent.‘ol ’ water. Tlie lidlovviiig figures deserve to be 
mentioned a.s a,veiages »i[ ellicieney from a^ test, lasting 120 hours. 
The*ctTeclive heatiiigfc^'aliie of tlie gas was found to lie 11*/ B.T.U. 
per ofii'iikfook (at 11-7 ll).'» ami 54“ F.). wjtli 15-5 jier cent, of carbon 
dioxide. Tlie'coiisiimptibn of fuel amojiii(.ed to 2-62 llis. per electric 
H.l’. per lioiin to wlik'ii mu.sj, be added O-Jl Jb. of coke for firing. 



If. Proerilurc in ii,si,iii/*il‘oukle-ziine prviluoer, wherewith the air is 
• ciinvci/eil til the prndneer^both from alioiK and hehio^ while llte gas 
is tnh'U out apoul thc’nliddlc of the producer. 

produ^tTs beloiij^iiig to this oJass cau, witl^ r?-ason, be described 
as the result of the cfEoits made fry certain ^esigners to obtaijj si^j^ple 

^ Xhe producers arc on L9omis-Pe((ibone'8 system. Theji were madkifactured 
by the Power and Mining Mtichin<ry Wia.j V.S.A. {cf. p. 100). 
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and.'cheap apparatus/! Thds, in this case loo, it was desired U carry 
out the gasification, if possible, in a single furnace, and to iet.thc pro¬ 
ducts of distillatioa be carried'ionwards by a cuirent of air throuoh 
incandescent coal in ortUir f!) b« |)uriiod lliere. ' But tbe coipb^si 
tion<)fthe distilled fuel was to lain' plai'c mol’e ('onij>letely ilnd reliably 
than by the nictlnid of pr^yeduic just mentioned fdown-draugSt 
producers),^ for wliicb reastnn co/n/n/.s7//>/i on on oi'flii'ion/ ijrolc ‘ivon 
chosen for t^dishUed fod, Iml., on tbe other In^md. Ironsj'ormotinn into 
permanent r/nses vdlltm on r.rtro zone of ntwhvs/ion, siniultancoiislii 
mlh the (uhnhsUm of air, was odoptn! Jor the pfimels of distilloliun. ' 
French ami Gorinan ile.signers liave in.*fde ini|/ortanl. con.'.ribnfi’ons 
towar^ls the introdit-tion and pi-rfecj.ing of these /enii-wat.er gAS- 
producers tpo. •fiver since llie yeai- bS'.tO. when,a Frenehinan,'/tnuher, 
took out a pplctit for a jn'odncer—-which, it is ti ne, was snpjilied with 
ail at thiee places, but wJneli, in its met h/vl of producing gas, agreed 
in the main with tlie [n<idi>ceis now iihont i,o be desenbed ll.•llcli 
tliongnt and many expinisii’c expininients have succeedisl eaeli, 
other, the object. beiiTg fo construct a producer tcilh douWc rondtuslion- 
zones for bituminous fuel, whiidi'wonid work with perfect reliability. 

Although the outlines of the nythod o*<]>roeednre bm’c alOady 
been given in the preerWing pages? and altliongh, slrictlt' s)ii'aking,'’ 
it does not belong to this idiajiter to'treat of sneh' eonstriictionft;^ 
may, however, be of some use to first, of all de.serihe a, jiroducer with 
T^uble eombnstion-zones, the Dcutz neW' hcftulr prtnirxrr, for examjile, 
in order thereby more clearly to'illnslrate the process of gasdicat.ioir " 
Tiie, square furnace of such a producer (fig. 32) is, as usual, bounded 
at the bottom by a grate with an asiqnt beni'ath it, frSm whiefT' uit' 
combustion-air i.s conveyed to’the disliHed fuel. Ab«ve, there is the 
secondary an inlet, and, in about the middle of the produefl^the //«s- 
outlet. When l.he engini' is at. worif, a vacnnin arisi-ii in the producer, 
the immediate conseipifnce of which Ts, that air streaims in. hoth' at 
the bottom and at the toji, thereby lorniing^nn upper and a lower 
eondmstion-zone. After every charging, the volati^.ingredients are 
driven out of the, raw fuel b;f' tin' action of ’licAt coming from the 
incandescent, already distilleil coal lying b«neath. These products 
go with ihe current of^ir through the iijijiej^one of combusiSon, 
where their transformatifm into perpianeni •uses l.akes place, ^mul- 
taneously there is coiisumeiJ up here, and iftidcr the ,'fld.ifiii of<air, a 
part of the fuel which was jifsrdistillcd. The h^t whicii is developed 
during this process jj**i>!t'to*supply the ifeat wjiich is'needed‘for the 
gasification and the traiisformaBon of the s*i»l })rodiicta. The distilltd 
fue’ (coke) sjiiks gradually downwards and is gasified in the way 
.already^ desCTibed, in tiie lower part*»f. the producer. Both the 
streams of mix with ?ach othijr m the gas-outlet, from ort of which 
streams-a produccr-}^s which is nearly altogether fre(%from 
the jjeroentage of moisture of tlm fdH is low,*tlie gas will be poor in 
hydrogen, and in tlmt calc the’comlmstion-aij must, in some way or 
another, Ibe niixed*with steap^. The lower part of the prock’cer then 
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heha,v«B, in Tespecf to the f;asi£cation, exactly like, an ordinary anthra¬ 
cite proflucer.' TJk^ firms* of Koerting and Pintscli, and otherl', build 
producers for Jignitc and peat on tlie stime principkis. 


Of tlfe foifr iintlinds nlun.lioued, (luf first and ilio last arer those 
‘that )i ave come most inio use, as proi/aiYYs it’/f/i return to 

the comhustimKune liavii been smi'essfnliy iisisj for iJie gasiiicatifln 
of peat and coitaiii^Vi'nds of coal, I'rdihircTK leith doiilih couihunlimi. 
on The other liand, iiave bkm piincipally used for/Jie«)»roduction of 
pi»diieei'-gas o»?r of Itgiiile brii|uel,les. 

The'nii'thods ii*\v (l(>scnbed are not llie onlv onj», luju'ever, tliat 
liav(^ l)een devised and eni]iIoyed. 'I'hci'e are si'veial »jI but they 
can be used wi(Ji advanl:»_;e only under eerlain eireuinstanees, and 
want of sphee prevents any description ed t.ln'in being Ljveii. 

, A producer wtlieh is charged with liilnniinous tiiel may iflcewise 
be jirovided kith ingenious devices for the raTiolial Iransforination of 
the tar-])roduc1«, or for jirevenOng* the projiorlioii of water from 
intefihIingtwth the working : these means, however, cannot jireveiit 
\he pMidiicTion of poor gas, if, asiiu the cas« of eerl.iin kinds of coal, 
"fflk fuel •begins to cake i(uiclvlv, or if the coal begins to give off a 
great aniount of liipiid clinker, for, in such a ease, the working of the 
iiroducer is, so t«i*;ay, imtirelv disarranged. Thins it might happen 
rbat the tar-va]ioiirs, together with’the steiiiii, pass undeeoniposed 
through the canals in the caked fiikl ; the juiritied gas becomes poor 
in lK%.t. and, tmfortiiiiat.ely, is obtained in iiisuUieient qiiaaitities; the 
combustion-air,nieets with gi»'at resisfiince within the producer, etc. 

Am(.-.!*st the improveiuents in gas-jirodiiecrs, intended to remedy 
these faults, tlier* de.siu'ves to be ilieiitioiied the Ludiriii MomTimihnd 
of So greatly lowering the tempeiature in tlie^irodiicer, by means of a 
copious sup])ly of st»ain, that ordinary clinker-forming coal can 
be gasified witiWit difficulty. The .steam which is blown in can 
aniount to as mutdi 'as about fi-ri fime.s the weight of the coal. 
It is •partly passed olT v.’ithout. being decompo.sed, t.hereby causing, 
it is true, a comsidi^ble loss of heat. In*ex])erinients carried out 
by fl)).%phrc^l with a pl*iil on Jlond’s sysSem, the total efficiency 
amoiiiited onfy to.(il pe* cent., when t.hk necessary amount of steam 
■w'a..s generate^' by nyans of extra iueP, hiul wdien the fuel was also 
taken ilito accoliiit wlijch wifs used for rufinti.„ <Jie pumjis and fans. 

• The lower economy oi «uch plant!, however, is usually improved 
by^utilisiiig the amntomei whihh, in the form of«nmwnimn sulphate,, is 
pot from, the, nitrogen of the,et,9l. The distillation of th^gas fjom the 
fuel in a itoml ])rollucer tak(>s ]ilac(^at so lolv a tem])craf%re, that tlie 
part. the ammonia which is driven off esc,*pcs undeeoniposed, 
along with the prodiicdr-gas. 'Wie tar-products, on the other band, 
Mond endeavours to dyompose in thb prodficer.* 

"During the last few years. Dr A.^Erank, intcollaboralion with 
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Dr .Caro, has succeeded in Jasifyinij prat in a Monil prodiiocT, ii which 
cx^eiilnenta it was calculated that 70-75 per cei^,'. of t1ie'niijrof>on of 
the fuel left the peoducer in the shape, of ammonia. ^I'he p*eat used 
contained, up to 50 per ^ent.^water. 

4if the Monel llio oo[)iouKly 

•ninglgd with stcfin^, i.s le(l*j.u tin- ('ovnlcr-shr<n)) (-(yulniser, wlirtht* 
■system of pipes it llow.s lliro'j»li, at. tlie Jtime f iiiii' !>i\»iiiii otl' heat to 
the ini.ftmhmf air and .steam wliicli is driven alone |,|iniue|i (lie appara^ 
tfis under pri'ssure.^ The, pus is then inl.r^iffieed into tli(‘ e/cuiiOn/ 
appanUm, udiere it eome.s into Inliiiiale eonir(V#ion with the water 
(whicli i.s wkijiipej into loam by mean.s ifl (wo ]iaddl('-wh(i‘I,s in*the 
app.iratu.s), and, altiii' In'iipe washed, it i.s led into tf* ncitl-loiirr, ^\r 
un.eri^r ol^whi«li i.s covered with lead and is al,#i partly lilfed witli 
lirick. A soliithon o! aiiimoniiiiii siilplnite, w itl? an e.we.ss of siilphurie 
acid, is i^mde to run in a thin stream dnwn into the tower, diiriii" 
which proee.ss "Ih * ifnimonntoin the yas comlnni’s with (IN' siilplyiine 
acid tfi form fresli i|iiaiititics ol ammonium siilpliat *. Of (he enriclieij 
solution which is eolleettHl at the lioftoin, a eeitaiii amoirtit of sulphate 
is utilised, w hile the remainder Ih piiiiijied up lo the upper pail, of the 
tower, in order l.o be used a,eaiii a^ter reee»'iue additl(»l•l,snfphurie 
acid. After iiaviny be^ fiirflier '•aslied, (lie yas, after pa.ssitiy tin’* 
xnmdH.v/pur/^cr, is iina.lly led (o file ea^-enyines. * • 

At a works at If/yfli/n/bm there was ohtaiiied yas of the following 
coin|)o.sition : - 

O.arbon dioxide . (JO, I(l-Ji volume jiei <;ent. 

Car bo# monoxide , 00 lO 'J 

llydroyen . . If 2fi-1 ,, ,, 

Methane . . . •('TT, 2'rj .T ,, 

Niroyen ... N I J G ,, ,, 

For 1 lb. coal, witlfan cli’cctiw; iTeatiiiy value of l.'5,()00 ii.T.U. 
per lb., and I 'l per cent, mtroyeu, tlie yield of*;as was "O-S cubic feet 
(at !-l 7 lies, and .'52 ’ K.), and of sulpliate ((•(thf lb. .WOie sail eontaliis 
about 21 [ler cent, of aminoniafthe.re, was finis'obtained about 1 lb. of 
ammonia per 100 llis. ymsiired coal. 

Amoitgist those wdui m,ve lony busied ihoms^cs with the cuiisfl'Uc- 
tion of yas plants for imwaw (Uirpo.se.s, whi#'e the operation ^s.^.-the 
.same, time, based ii|>on tin* ulilisaTion of (•■rlaiu <-hc»iieal-teciinical 
products, we, mav mention tll(*(iim of I’intsrii. ^n t his lii ni's jiroducer 
for the purpose iiicij^wed* tlie fuel is*lisinil^v yasIKed witifont the 
transformation of the tar-vapofir.s ; iii thi» planner, tar is obtained*in 
addition to the sulphaV. The hiyh first ifost of sifeh a ])lant eontribules, 
howeve^ in *ime measi#-e to make rliaiwholc of tin' eoinbined w'ork- 
iny dearer,^!' which rifason am economically fatoiirable result can 
only be.expected wi the case ol Tarye installaliRiis. 

The often eomsiderablo percentajjn of watW in the case ot certain 
bitiiUiinojis fuels, s»ch i!b jieat and liynite, jenders it much more 
difficult to retain ^ temperature in the prodjicer which will be .siiffi- 
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eientljMiign unacr all conditions. Tlie liSk is Uiereby run, first, "that 
the gene^-ation of g^s, especially at light loads, may stop, and also that' 
the quality o^,the gas'may deteriorate in a very ^ligh degree, viz. so 
that the. percentage of carbon dioxide (asily becomes too high, and- 
tar-products in lacgcr quantities .are found in the gas. Ther^ is, of 
(!*/ur.so, a <liffcreiu!e in these respect,s 1,\* tween l^he different types c*f 
produeefii. 

First, as regards producers with double zones of ej^jrfbufltion, in 
which t he distillation ol tjie fuel and transforniatipn of the tar-produdts 
into permanent g.i 4 *'S take place through tlu' action of heat from 
an dipper, zone of counbustfon. It can easily be s«en,t*’iat specially 
g] 4 !at dillicultiej'wifi present- themselves in t-he eme of .such an arrange¬ 
ment, rfot only in aj'.gard to obtaining a ])ro|)er tenij*.ratjire tnrough 
this zone, but also as'regards the is'tcnt-ion of the zane^’n its proper 
po.sition. When a fuel with a larg<' percent,age of water is ch.arged 
into such a'produccr (cf. lig. .12), the fire siwnis. so to say; to be quenched 
for a moment in the upper zone ; the fresh fuel is distilled toohlowly, 
and does no* catch lire sullieieutly quickly, hs'the tfanie in the fuel 
can only fori-c its way upwards with a velocity which is less than 
thate ..■•th (iwliich the dwtilled fuel sinks. The zone of comlmslion, 
^lieref^e, sfbwh/ sinks, which creiMies a growing risk of dislurbing the 
^'JMiler of gasificatfon in the iipfier part of the producer, in proportion 
as the distance between the zone ami the gas-outlet is diminished. 
The comparatiw'l^' small development of heat in the secondary 
'~oombu.stion zone of the producer doi*3 not sei-m to lie sufficient both 
i to distil and to gasify moister kintts of fuel, and—from experiments 
TtidCm with Dfsutz' producer—the priqiortiou of water in lignite andi 
peat should noj, exceed 20 pyr cent., If inconveniences, such as those 
just mc,4ioncd, arc to be avoided. ^ 

A bettiCr result can be eounti^l on, however, with respect to the 
gasification of fuel eontaining'a krrge jiereeitiage of water, if, in the 
upper part of a prodij-cer with double zones of combustion, there is 
built a retort-liW container in which the fuel is dried before it glides 
down through the upper zone. The tame lu.ay be said of the use of 
drying apparatus. Bolji methods arc employed, especially in the 
case of raw peat as tod. 

Ic^p^odu^crs workingivith retp’u of tarr^gases to the combustion- 
zone, the di.stillation usAally takes |)lacP only by the action of heat 
from the csciyiing gases which, on theif passage, stream over the fuel- 
container (if. fig. .‘!0)j Th? transformafloir ''f_^the products of dis¬ 
tillation takes place, on ^le other harffl, in the combustion-zone itself, 
with its great supply*of heat; Experience hay shown, how'ever, that 
the gasification of peat or ligfnte with a high percentage of moisture 
is, in suoi a prodifcer, attended by.considemble difficiihies, resulting 
fr^yi^ the hc^t nccesJary for distillation being, tJianks to the great 
latent heat of steam, stipplied with difficulty b*y the free heat the 
escaping gas, cspeoialjy as efl'ectivfi measures, for facilitating the 
passage of the heat froip the gas to th^ fpel are, fir practical reasons. 
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usually not employe^. Tlfe consequence is, that a part' of tjie fuel 
leatves%he container undistilled, and sinks dawn towiirds-the ^eduction 
and combustion zoiies in the di#l.illed fuel. Irt this process, the mois¬ 
ture evaporates in zones vvlKeli he so <lee|) that in (liese ])laec.s the 
seco*i#ary exhaustion, if it is not po«era'll enough, can easily be 
evercqpie by the iiriinary 01 ^', eansiiiK a loss (d heat t^hrounli the u«- 
decioiiffiosed sl-eani wliieli passvs oil direellnvitli thi^ yasi IJittler such 
circum.^.aiii-es, tlie i>as, loo, will natuiallv contain a considerable* 
aRiount of tar eonsistiny paillv ol heaviei' l^yfiiocarbons, which were 
driven oiil otllie linl too lale, and have tln'icj muted themselves 
1,0 the otherv,jisej in an unaltered state .■and piirfly, t.oo, of hytlro- 
(airbons viliich, it is 4riie, have been diavrn olT iif llt^ ripht way ajjd 
carrier^ into combusi'ioji zone, wliorc. Iiowfvej^ tin* low tfuipora- 
lurc tkfii coniplele Iransforniatioii into |>ernianen( i;a.ses an 

iinpo.ssibility, 

\ inel hod oi' ilTifinu up ^le leiii|)erat ure in I he prodiieer consists 
of niitiii” the jjcat with sfronqly h"a,l-pro(iuciny Tiiels, such as an¬ 
thracite and coke. ,'J'lfis nietliod ol procedure must, •however, be’ 
regarded more as a, measure of »ecessity wliii li should be, avoided as 
soon as )iossihle, as I,he jirociirin? and miiiagenient ^iJjjtuJiiels 
^^.ays causes some inconveuienci* in aildition lo whicibecigioinie,* 
reasons often prevent th^ use of such itddifional liief 

Another mefhod id jjroeediire, for the easiliiaitioii ol peat with a 
fiieh percenlage of water is employed by the lirni,(d_ Kucrlini]. The 
di ', dig and distillation of the fre*'h fuel takes place here, as in the case 
of a producer with double combiif.tion, by the help (d hea.t produced 
fh oUi.h f lu* com|)lete combustion ol a part ol I,he ra,w peitt in a seo'A'fl*- 
ary air stream, all of which tikes place 111 the upyer part of the 
I 'oducer, with the assistance ol certain arrangements which ,iga, high 
d 'fl’c e.Hielji the transference id I II# heal, to the, fre.-yi fuel. The pro- 
di.i 'r. wtiich also work# vvilh secopihUy e.vhaustion of the products 
of di.stillalion, is described in more detail on pjjge, !)■'). 

M, thus, oil the one side, a consideiable percentage of imii.stiire in 
the bituminous iuels is a hindi#ince to their contjniioiis gasification, 
it gives, on the oilier hand, .Is a inie, the advijiilage of a simpliliuation 
of the. ga^-plant eiu|ilo}'d, viz, that in these cases one can usimlly 
dispense, wit.h t he use of*i special vaportsei.^ 'J iiTs usually holds ^pod 
for fuels with more than 20 ^ler cent, of imuijture. _ , * 

With about 10 jier cent. »f•moi,stille in the ]ieat, we have profiably 
already jias.sed the limits <*1 moisture iWlowed^iy the working and 
economy in general. I’eat witlia higher jierceifta.ge of water bchavi*, 
especially if it is niiidi broken u]i ton, like w jmlpy mass, which, 
when ill the Jfrodiieer. uyi.st often lie onejied lip in order to admit*of 
thh easier p^^usage of th* coinhii.stion-air ; this li^coiiies ii^the long 
run not only troiihljisome, but iiiieeoiiomieal. 

. After having mentioned all the djtieiilties in tfie way’of ohtaTimig 
a pertcetty equable, easiticafiou if liitiuiiinous fuel in producers, some 
information respeejiiig the oernrrenri' of fcnt, 11 T! prciioratlon an a fuel. 
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and its,chief-quaUties, ought to bo of specia'i intci^st, as it would seem 
that the ijtilisation oT peat-jboga in dilTerent countries is about to bfecome 
of great' national in'ipifrtanc.e. The following information and de¬ 
scriptions chiefly have regard lo tlu^ vh ixation of the peal for 'power 
purposes, and not to a fiit'ire employment otthis fuel, probably pn a 
far larger seahn lor ordinary healing pnrjiosi's and for metallurgical, 
use, an I'.'nploymeiit lor wh.Mi we have every reason to entertain the 
•greatest hopes. The utilisation of peat lor the firsl-naint .'1 purpose 
has, however, made ra''piil progress during the hist few years, arid 
especially in iSweden.- the first power-station'driven by ]ieat-gas 
eiigilies, atid situated at S!.iiin'r.\jo. iS’ieohoi, wliiidi ^was, in fact, the 
fiyst siudi stalioii t iiu' ei'eeted, liaA'iiig starie** early in t.lie year 
ItlDl, wdiile at presiuil. the total number ol siieli pb'nts in Sfveden 
already existing is att least ten, with a, total powvr of'inore than 
200(1 it. II. I’. 

Peat (o; turf] is obtained Ij-om the so-called peat-1 ogs. or mosses, 
whhdi, in Sweden, are siip|)osed to occupy more than 12 [ler edit, of 
Ihe total are; of the country. It lias been app'iiximately e.stiinated 
that., basing onr calculations on the pre.sent eonsuniption ol coal in 
the (''I'ptry, .the mosses ol Swede'n should be sullieient to siijiply its 
'.■lemand forfiiel for the ne.xt Ihoii' and years. 

' ,11. doe,s not lie’within the ptovince of thisTwork to give a detailed 

desi'i'iption ot the dittcrent methods emjdoyed for t.aking up and 
drying the ))eat.^ \Vi' shall here pist inenlion briefly thal, lor taking 
u|) and pn'paring peal fuel on a large scabs advant.ageous use is 
made of peiil-eulliiqi tnuehiiirs, which dig up the jieat and prepare it 
it.^t-rious ways. A distinction is made in this respect between the 
preparation ol jieal by means of th.‘ addition ot water, .so as to 
obtain a.'uilpy hia.ss, which is jioured out on to the ground in order to 
be air-dried, and the preparation ..if pressed jieat., by which ii. meant 
the laying out of the peat in ,'ows. In this'method of preparation 
the ma.ss is usually preparisl without the addition of water, and the 
moulding ol t.he nuiss takes place with the help of no/.sles. The rows 
are then taken up in bils on so-called peal-hoierds, in order to allow of’ 
t.he p“at being more easily Iranspoited into the held to be dried. 
Thice is also the jiri'pai'alion of spade-ei/t ptal, which takes place by 
the.very .sinude inetlliAf ol.cutting the peat oi't of the bog and at once 
puttiiPg'it oitl^in the air lo dry.' Sjiade cut peat is cither taken up 
by hand or else with the hel)> of simple iriiehines Spade-cutting the 
peat is,, howeve.", deifter tlia. i imachine-ciStii'" it, and also requires a 
cpnsideruble number Of hands, whom if. is not always so easy to get 
together dining the miiiTmer iiiont.hs, when other work is going on. 
This seems to lie the case in.trwedeii, at least. 

The drying in the air of the wet peat-inst.ss takes vtiwin^ lengths 
of time, dependent ot. wdietlier il is desired to liiive ordinary q>eat fuel 
orffat briquettes. Thus good ipr-dried peat file! ought not to con¬ 
tain more than ‘2fi per cent, of iiicisture, wdiil,e h()g-])eat'for'peat 
brif|uottes in,ay have hp to .50 per ceiip of wati'y. With’a 2D per 
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cent, moisture, Hie,averi*>e eoiiipo.sition of peat is .stated to be 
as'foliftws:— • ' ‘ 




Swedish. 

Irish. 

Carbdh . 

. (' 

IM7 |icr ccim 

il-^.h percent. 

Jl.ydrijgen 

. 11 

. 1-20 

, I'.hO 

Oxygfn 

. O 

‘l-Dl . •• 

i:2-5()« „ 

Nitrogfn i 

. N 

’ 1 -.311 

ll■!)l 

Sfilphur 

S 

()-33 ,. , 

• • • 

Ash 


3 78 „ 


Moi.stnre 


o.h-dti ,, " 



• • 

1(100(1 per (M'lit. lOO-ll) percent. 


Perfectly (fry Swcdisli peat has an ^'ITectivc li(‘aiiiie value of 
1)730 B.'l' II. p(»r lfi.,*iiniire.s ^vliicli lia.ve Iiimui olilaiiied as Hie avera-uf) 
valuc’iii tests iiiaile by (/. r. Ili’iilnixiani. eluuiiifl. to (lie Swedi.sli 
State raiivvay.s. (JerterSi samples were lakeii of peal.»lroiM sixteen 
dillerent Swedisli peat-works. • With a “normal” proportion of 
moisture ol the luel anioiiutiu" to !?.') iier cent., the heatuix'w'as 
(KUO B-T.ll. iier lb ,* 

■'In peucral. when iiiaJme oui caleultit ions, we luuH base our cstitc; 
tions on ibe abo\'e_ couiposilion, and an cHeetive heatiue value of 
(itUK) li.T.fl. per lb., in llu'casi'o! inachiiu‘-cul. peajt o| normaJ jx'reent- 
lae, and taken from the peat-ni*i'ks ol (V-u/ru/ iSiirdcii. One e.xeeption 
'nust, however, be made in the i^use of (hillaiitl peal, viz. in re.speet 
fo the pcrheul.aec of ash, which, iii (his case, is iisiiaHy niorni^ffllli 
8 per cent. Peat from the jiro^’iiice of ^nrrhiilleii, on the other hand, 
isually conta ins a smaller amount of ash than I he kind just iis'^ioned 
!i(? pertieiitaee, howevi'r, is searcelv ever less than | per cent. If we 
CO upare Su'cdish peals^wilh forei;*u, Ire find that, in resjiect 1o ash, 
the percentage is geiierally less in the case of Ijie Swedish inalei'ial. 

©rdiuary fuel-))eat jios.sesses several (|ualilies 'jhieli make it a 
valuable, luel for jirodiicers, al♦.ongs( which is, tl^it the perceiititge of 
inoi.sture of the fuel, as \fa,s alri'a.dy sliowyi, makes It po.ssiWe, as 
a rule, ty omit the vaj^.iri.ser with its acee.ssiiries, theridiy les.setiing 
the cost of constructioi* .and ujikeep. fnuihiilion to yds, the^fuel, 
on being heated, docs not tjkv off Itqnititclinkcr^ bi*l, at th^ very 
mo.st, only shows a. tei.diuie^’to sinter together in loo.sy linnp.s, which 
easily fall to pieces. T|ier(*is, therefore^no r(‘a?on hr the ocaiirrence 
of any injurious resist,ance iuHhe prodiuii^j. Slid so the gasificatirn 
can, with advantage, he carried out in aceorihanee with the simple 
suction-^as system. Tim diHiciilties w li^Ji ordinarily occur in attenlfits 
t(f gasify aii>aried peat cijonomically, miiy he .sumntarised a,sJollow.s :— 
The .great and,very variable, percentage ofmoistm^' in the^fuel, 
together with its low heating value, ^rlace great hindrance,s in the way 
of aftaiiling and, alyivc all, of keeping uj) a sufliciently great heat in 
the producer. Tlje inconveniences which aft the immediate Con- 
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sequciK^' (if -tlii's liave already been mentioned ^p. 31), with special 
regard t() typos of produiyirs in nse, together with a number b£ ini- 
provemetits in the confeti'uction of potal.-gas prodyeei'S intended to 
remedy these (Rdeets. li 

It can lie considered tlial it is making a great demand on a protlp.cer 
to,gasify ]ieal \yith as mnch as 10 per cCiJit. moisture, easily ancj cco-^ 
noiniealliq as this is a very dvlljcnlt task t'o carry out, but it is probably 
hot an exaggerateif one d resiiect lie paid to the condilioii ofetliings 
in Sweden especially. 'Ibie preparation of peat is, as wo have mentioned^ 
dependent on the d);y,iig in I he air, for which ri’acson a siiorli or bad 
drying sunimer iniglil mala', il impo.ssilile 1o get a pi'at^vjiith a lower 
percentage of npeislnie than the oni' just stafeil This is ('specially 
so with (die niaiiiifaetiire of jieal fuel on a small scale iwlien tin*-fuel, 
as a rule, is oblained from bogs belonging to the .sHi,'Kin'an(l in its 
neigliliourhood. It is, of epnrse, not imjiossible even heiV t.o reduce 
the percentage of water by means ol suitable earraugenients, lint, 
from economical rl asons, rl would hardly jiay. A better soliitkin of 
the pcdl-jioHH'ri prohinii lies in the coiisti iiction sit ,1 ]irodiicer in wliiidr 
special regard is paid t.o the very h'gli percentage of water wliiidi 
some,* bg.'s (yrj.eiirs in the lyiit. ' 

•I Aiiiythin'^inconvenience with pV.al. fuel is the ease with which it 
dy.bs into siiiall pieces on crnsgiing, which n'.n.st. necessarily precede 
the introdiiclion ol the fuel iiilo the producer. As a rule, the fuel 
consists ol jiressed peat in long pieces of rectaiigiilar section, wliiidi 
arc hi'oken into smaller ))i('i’cs varying in .size froiii ahoiil. 12 inidies 
down to peal-diist. Idle peat-diist l'a,ii, of eoiirse, be separated from 
tltf'‘’r'.el by sereeiiiiig, but (be aiiioiiiil of refuse whi(li arises is often 
very large and also diflieiiil of iilili.salhm econoniically. As we have 
.seen in ^tj,,. pieeeding pages, a high percentage ol dust in the fuel 
often has a dislnijiing action npomt lie iiniforiiiit v of the gasdV.-atifin, 
for wliieli reason, in general, a',|)r(t.diieer vvliieiii can at once treat the 
eriislied, niisoiled pea,l,plight to be considered as the be.st. 

Kiiially, peal, (■onipared with coal, is slow in comlinstion—a cpiality 
which liirlher renders the gasification iwf this fuel dillienll, A piece 
of pressed |iea( is roinpiK'l, the fracliii'c pi'e.senting an earthy appeiir- 
iinco' When siu h a j^iicce of peat hums, coiiil'Aistioii takes place only 
on t.he siii'faeo wilhoi/f cracks arising or thc„|iciit falling into small 
pieces*as' the case is wlign ordinajy coal.os burned. 'This ipiality of 
the fuel is, however, often a liiiidranee Imits use in ]ir()dncers with a 
combustion zono.situifted in the upper pal. ofjlic fuel-column which, 
diieiug gasification, tcihls lo move don.nwards If the fuel which has 
heeii put in liiinis too stowly. The ])ea,t, however, remains incan- 
desl'ent a long time, which gi;enlly facilitates the lilowivg up of the 
producer. This property makes it even jiossilde to let tli'.^^l)loVing itp 
take jrlace by^means ol natural drangdit., wliieb contributes to simplify 
tb(."woi'king ot a peat-gas plant. 

Amongst the examinations of the gas madi' of late years We bjay, 
to begin with, give tin*'re.snlts of tho.se carried out in October 1906, 
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at :Sk^ihersjo puiiwr-dulioirhy v. which'lu'e S[)eciaUv 

iritorcsting from tlic point, of view of gnsifiFa^im* as the iin»ilyseB also 
embrace the gas, j?uc'li a.s it wifs obtaiiK'il before I he p«)(lueer got into 
noriiml operation. (Ko# a more detailed aeeoiint, see ]>. 21.) 
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The values given in^tlu*table are e,\pre.s»'(l rn volmne-perertitagc. 
The gas thus contains, on an average, about d^ier cent, of eonflaus- 
tible. siibstanee, an,] ttie effeetiv^ healing value aniiuiiitvii*‘Idl 
B.T.U. per cubic fool (at •11-7 lbs. and b’.).* NFirnial working 

conditiolLs e.an be said to fu*ve eornmeueed ajjout I 4 '.ni., to judge 
from tbe peieeiitage of carbon mono.\*ide udiieh, Sfier that time, 
keep.s very eviui. In order tiT eonipleteW«eonsume 1 cubic foot^f 
gas of the above e.oni|iositiou, Ihere is rkipiired'about T2 cubic ft. air. 

^ The jicat fuel gasilio*! during the *;St had the following compo¬ 
sition :— 

Combustible substance . . ,• 01-2.3 per ceiit. 

.^sh . ... 0-49 ,, 

Moisture . , .* 32-30 \ „ 
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The effective heating value ainountefi to 6364 B.T.U. i^er’lb., 
original rtaiiijile ; cplc.iilat.cd on moistiire-frce sample, ] Ih. of peat 
gives 8937 B.X'.U. per ik *' 

Of great interest, too, is a test made in 1901 at a power plant at 
the. Hiiratif/s-limj Mine, where the peat was of the following 6om- 
pGsitiou^:— . ^ ' 

t Coinhnstihle substance ’ , ! . 51-91 p<-i-^"up, 

Ash . . o, , , . r.-.'JK . 

Moi.sture -t,/--' .... d'.t-il 

while, iii'a inoijjl me-liee sain|ile, the |)eat contailieil* !ii51 B.T.U. 
pf,- III. con-es|!.Hiding to 51.511 B.T.U. in its ofiginal eonditiiyi. In 
spite of the high lieri;eiitage of moistiire, e.\celleiit,;1'esid‘s were oh- 
1.aiiled in ecoiioiiiical respects. » 

, Another series of |.i'sts iioiii the ahove-iiieiitiijiied Skabersjo workgs 
may he givi-ti. espcciaiiv as. hv this sei'les, the ellicieiicv of tip' pro¬ 
ducer was deteriiiiiied as well. Tlu- test wai^ , arried out. at. the clo.se. 
of 1905, and the fuel analyses showed that, the peat contained 27-28 
per cent, moist.nre and (i per cenj. ash. 'ITie elTective heating value 
,of tfie ’i.,swk^'iiiiounted to h7(itl B.T U. |ier Ih., and the gas got from it 
was o' the foliowjng coinposit ipii T y 


Carbon dio.vide . 
Carbon iiiono.xide 
Methane 
Hydrogen . 
R'AT.Pgeii . ' 


Co, 1 I• I per cent. 
CO' Iti-cS 
CM, 1-8 ,.. 

11 s-.-i ■* „ 

N .58-7 Jier cent. 


Conihllstihle sub 
stance-- 29-9 per cent . 


M 

In the four tVsts made, the'ellieienc.v of the |irodiH-er varied between 
71-5 ana 78 per cent., with an av,erage ol 74-5 per cent. T.be Usbs 
were carried out (litring normal'- ojieration. ^ 

Under pre-seut conditions, peat-gas jilants i-an probably be worked 
with any prolit only* in the neighbonrhood of peat-bogs, a,s,. the 
freight fot- the peat, w'liich takes up Vi'u'y niuch room, is too high to 
allowpif this fuel competing in jiric.e with..coal, at woiks l,ying at any 
greijt distance from the. bogs. Whether, iiir-Sweden, peat can ever 
con)])('te in jirice rWj.i anthracite, or coke pit plae.es sit,iifi.ted at. a 
disl'ancS' fron'i the |ieat-b(‘g, for enaniplepit the towns .-dong the coa,st, 
when' the fuel ls' tran-sported in coimepti-ated form and, t.hus, at 
reduce(| ratesf tpi the^/lace w-jiere it is to In,' used, is diHi(-ult to foretell, 
, f^r the mminfadure <>/• peal briquritea ,in iSweih'ii is at present still in 
an exiieriniental stagij, ai'd, lisim tin- many investigations which have 
befin made in the matter, it seems as if the pftat bri(jiu'tte.s will coat 
from 9s.-l 2s. per ton at the works. 'The eifective he.atingyal iNi of suioh 
peat usulUly .yaries between 7600-11,UK) B'.T.U. per Ib.t Machine- 
cut 'peat prc'pared in the usual, way eosts, on th'c other hahd, only 


i. • t 

t The latter figure refers tn peat briquettes manfil^ctured on the wet* 
carbonising method, also known as the L^raon*£kenbarg process. 
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4s. 6d.-7s. per ion. ^’Iip hlatin;; value is, it is true, loVer inljbie case 
of*pe^, briquettes, vi>:. (ibDO B.T.U., wbei* thei^^ is 2S cent, of ' 
moisture. On tlio other IijukI* I cubic foot oT the foryier fuel weijihs 
50-50 lbs. aiul more, \diile*tiie wei;^ht per eitiiie. foot for niachine- 
cut^at amounts, oil the av<u'a^e, tt> 22 jbs. Ptiut briquettes have 
anany^ither advantages ton (y,'er oidtnary jicai^ fuel, suc]i as ^reat po^er 
of'reAstance to outer damage, <>reat(‘r ’^'cnness ii^ composition, size, 
etc., aM o&wjiich contrilmte to a most (‘tfective and economical gasifi* 
(A.tion of thi^ fuel, ami so it would .sceni^at if a conqietition with ' 
anthracite, im not an* impossibdity, especially a^^liis latter fuel shows 
a tendenc.y«4> iiicrease in pnc<* from yeai to yeur, :ind the proWeni 
of tlie employment «! oiilinary <‘o:d lor ^.is-engiifi' (las nutlet 

hemiSolved ii% i sat ishietoi V manner. , • 

Inel, which, in i<‘;;aid to its cf»mp(>sition, lu*s Ix'tween 
e.oal and peat, is alrciidy hein;; used to a ;^eal e.xtimt at si'veral jilaccs 
for p()\v(*r piirp(>s1‘sf As isJIk* case with jusit, liemU' isfd such lo^v 
gracM that its emplovment, us a lule, must be <-oiftidered as confined 
to the [)laee wh<“ie»it*is obtained. An eXd’ption e:*i bi* imidc ill 
the easi' of briquetted liuiiiti*. ^ueh brnpiettes, whicli are very much 
used in tienminy uiid Aiistna-iruii^.ny.^ue, on a('cy 4 ,!n^‘^‘-«their 
uniform size and nhitivc'ly smill perceiitae<‘ of imustur^;, very 
suitahi(^ for use m pfodue.ers whidi have lauu? const.rneted 
special i(\iiar<l to the p(‘rc.ent:i,ge of bituminous ingredients of 
the fuel. 

»Som(‘ a,naly.ses of Aimu'ieaiklignite (pmhM.tly dried fuel) are given 
here lu’low^: — 


la^iiil<‘ tVorii 




Ahiitusia Oo., ' 
(.'aliforif^a. 

Per cent. * 

Stark (k>.. 
North iJakola. 

I’or cent. 

. - 

Caftioii. 

_ 

. 

■17-4 

ttiCS 

HydrogiiM 

. H 

»ll 

o-;l, 

Oxygen 

.•() 

27*5 

38-0 

Nitrogen 

• .•! 

0 7 

O'D 

Hulphur 

• S 

ten 

3'a 

11-4 

Ash 


l5-,7 



100 0 

lOO-O 

Moistufo in Hir-cliioj,l fuel 

Efr heating value of per¬ 
fectly dried fuel in B.T.U. 

. 18-.5 

32 0 

■per lb. . 


10,020 ’ 

10,800 


» ’ Loviu, Modern Gas Kngim, etc. 
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Res'iectiug the e.niploymeut of bituiiAnous.luel in producers, it 
muy he jjeen from |]io uhovi! tliiil. much remiiins to bo tliouglit but 
and im2m)vod,,iu tins branch, lioth in'I'csjioct to the methods for the 
tean.sfoniuition of the tar-va.|)oiirs iiitd permanent pases and also 
as regards the main,teiiaiieti of an undisturbed and ei|uable peueVaAion 
otipas at all loads. 

(c) Natural Gas. 

Natural pas is fortul' in the ml districts ob the United States, 
notj'bly in I’enusyrvaiiia, Ohio, and Indiana. It. is a jiroduct of 
deconipiwed vepetal ion, and can be reached by drilliup wells. Such 
gifs can be consh'lcicd as an ideal liiel, beiiip very rich, and leir-iirinp 
no cleaninp. Snnie'''an,.ilyses of natural pas froni dilj'ei'eilt localities 
are, given below 


Taiii.e VI I." 





ijoc.i 

lll,\. 


Coiistitnen(s of 1 lie (Jj 

S. 

I’lt. >Imu o ^ 

Kind/:.y, 

.Ainlcisoii, 

M nncie, 



!\i. 

0. 

liul 

lint. 



I’cr f'f'nl 

* 

Ter cent. 

IVm cent. 

Per coni. 

dioxii'o . 

I'-iK. 

0 <1 

() ri 

O'.-! ' 

’ 01 

(’arbt)n njouoxidc 

CO 

0 () 

()•.'. 

0-7 

' 01 

Oxygen . 

0 

0-8 

0 3 

1 

0-3 

Heavy.’ vdrot’cu bons . 


!■() 

0-3 

0 f) 


Methane . , 

Cli, 

1)7 0 

02-(; 

03-1 

'12-7 

Hydrogen 

|] 

'12 0 

») >) 

2 0 

! 

Nitrogen 

N 

3-0 

3m; 

30 

.3-5 

Etfectivo liontmg vaiiu? 

■jHir 




i 

cub. ft. (at I4'7 ll)H. 

and 




! 

32'= F.) ill B.T.U. . 


7.1,'i 

030 

035 

into 

1 


fw'i _ . ^ 

Tl.pjynon-it of air tliecretically reipiired for complete combustion 
will range from 7-r>-9-5 cubic feet air per tubic foot gas. 


yil) Blast-Furnaue Gas. 

'From a thermal point of .v/,ew, a blast-fiiyiace may tVe considered 
as an air-^as produ'ier in which combustible gas and a valuable by¬ 
product, pig-iron, are reduced with'so favourable result llipt, after 
sulfw^cting all the working expenses from the money-value of the 
by-product, a considerable profit remains. 

There is a certain Resemblance, too^ between fjhe composition of 
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air-j;at^(.Sicin(MiH prot||iucer-;|isj aiui bhiHi-fumace ,gas, viz-, as #•c‘^ards 
thfc kinds ol the component jiarts. tiven if uo4 wiil^'respect to gnantity. 
The cause of tins is |)arMy to^he found in tlie eharni^s of tfie hlast- 
furnace, winch, in eoinin^jpituni, are dillerent from those of the .ordinary 
pro(iiit;er, whether these e.onsisl of (listiiled^or undifitilled fuel. 

As^’s well knovvn^a, hJasf Wjujiaee is charii^ed with and limc-sUme 
as weTl as the /he/, and (he pre is respited by tlip eafhon ftionoxidc 
forme,<f*ov#t' and around the twyeres, sinmltaneously with the forma* 
tifm of (airlion dioxidj'. In addition to this, (^rhon dioxide is driven 
out of th(^ bmestone .lud sonu-tinH-s out of tlicWn (oo. which carbon 
djoxid(‘, tooi%j^(>r^vilh the other, is pnrtiy reducod-tit i-aibon piono.’Gde, 
and pertly eseajies •nr(‘(luc(Ml. Hhisl-luinaee i;;1s fjieieby becouit^s 
rieher^n vajhomdHKi nlr lliuii produeei -iias. * 

In respect. n\ t in* fH'i(( nl</ti<’.s of hijilnufen,, itowever, tin* two j^ases 
resnnble eaeh otln-r; both brnni^ eoinpara4ively poor, as the fjlowing, 
in botli <Mses, tnk<^; fil.na- wiUi diw blast.. (.a)m])an*d withl'oke lilast- 
furna(?e ”as, charcoal lurnaees yi\e a, yas lielier in liydro^mi and 
inarsli'ifas or meiham* *a bn-t. wlneli satistaetorily explains the con¬ 
siderable <litlerenee in tlieir en(‘Oit,ive heatiny' value. 

On ac.coiinl ol its hi^h pm-iamlaje of cariron dioxide, K^'L!*^^:^)ace 
;ias is iisiiaJIv sonu'W hat jaiorm' jn*rvi/7/oa monoxide than airpms is;* 
the dillerenci is, lio\\<‘vi^-. not ^ri'at. 

Finally, anioiiyst the ;:;aseous eonipomnits of blastdurnace ^as may 
l»o'mentioned sleom, deiived mainly from the moisture in the material 
normin^ the cliai;;e , the juoprrtion is sometimes very jireat, often 
(xceedili;; lO ])ei cent. 

, Tlte conijiositiou and iHsitiny value of blast-furiuua^ <;as vark'^it 
a ill easily be imderstood. a,ec(frdiny to,t he character^of the fuel and 
lie other (components of the eha,r<ie, t in* re;iularity of tin- woriiig, tliji, 

‘ ce <*f flic furnace. (>tc. The dilbYence in the coin|M)sit.jon of the «as 
m die case ol Swedisl/ehaie-oal bhisf-lumaces and coki* fiirmices is 
clearly shown hy the lollowin^j; tables. Table VIII. ^ives the, result of 
Tatfln/’v analyses of j-ases from 28 S\\edisb cbartaial blast-furna(ies ; 


TAtuac Vlll. 

Smedidfi (diareoal^filast-F»iniaccs. 


Vol. per cent. 

Cuihdli 

dioxide, 

CO... 

(t'irbo|,j :Hy*toyei^ t 
moiioxiile, jtlethane, 

CO. IM-CH, 

K 

*Maxim^n 

Minimum 

: J7*fi 
(to 

f • 

2!)-5 

20 5 

U'7 

3-0 

59-1 

510 

Awrage 

ii-ij 

25-9 

0-2 

67-0 
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Table ^X. ,'On'tlic other hand, shows thd composition of coke blast- 
.furnaco ;;as, from apalysas by Lcdchur ; both tables show within what 
limits the aimpints of the different coiit])onents usually occur in the gas. 

Tahj.e IX. 

(Joke Blast-Fur,lacea. 


I \’ol. nor oeiil. 

1 

[ 

('iU'l)on 

CariKm 

rnon(i\i<l(\ 

CO. 

11 yiti 

Jl. , 

JMctluiiic, 

cu,. i 

N 

NiMaxinniin 

'is 

- 

22 

i; ^ 

li 

r.5 

1 Minintinu 

t fi 

20 




1 Avora.'^o , 

12 

‘ 24 


•> 

fiO 


From amMii” the amily.se.s lately made of'„he eom|)o.sitioit of blast¬ 
furnace gas from Swedi.sh works, we give bere F. lluhcndlrk’s results 
froni<"<ii^t'.s of gas e.\a,mine(l iif I'.KK), and others taken in the year 
ll)02,'it /Vf/r/z/z/fe II orks. The taaidls aia* given togellmr in d’able X., 
wlu're we also liml I,. //ninKinJs anal)-ses frbin Dalkarb/ii/tlan ITorits, 
carried out in l<S7(). The values obtained in these hist-nani.ed investi¬ 
gations differ very considerably, however, from those of the former, 
as the ellective heating value of Didk.ulshyttan ga,.s only amounted 
to 1)0 B.T.U. per cubic foot, thus being more than .'l.O per cent, loss 
ttflAS Boxliolhi gas. The values from tlie.se two works are*ty|)ica.l, and, 
will probably forsome long tyne be reg.irdcd as the limits within which 
^the. eHj,‘etive beating values of blast-furnace gas from Sw'cdish charcoal 
furnaces can varv. < 

Thus, on an average, the effective heating b'alue, omitting RinmaiTs 
value, amounts to 137,. Il.T.LI. [ler cubic foot, or, including thi.s value, 
to 131 B.T.U. per cubic foot. • 

From coke blas,l.-furiiaces we have* several deteriniiiatioiis of heat¬ 
ing values, and amongfit tlieiii tlio.so calrieil out liy Donkin, Moyer, 
anil Iluhcrt. Doiikiyi obtained at English ifnd Scotch blajt-furnacea 
an.e/fTOtive j/eating^-fdiuj^yif the gas equal todOO B.T.U. per cubic foot. 
MeyA- obtainpd lyi the ai’crage of Ti samples of blast-furnace gas from 
Dij[for<lingoii,(lormariy, lOG B.T.U. jiertjubic foot; Hubert dctei'inined 
the effective Iiu.i,ting*value «f 12 samplestif gas from the blast-furnaces 
«f Sermruj, Belgium, ti‘ be j 12 B.T.U. per cubic foot—all figures relating 
to a pressure of I4'7 lbs, per iqiiare inch and a temperature of 32° F. 

® As may be seen, the dif{';rences in the, heating values of blast¬ 
furnace MS from yw'edish charcoal furnaces,,and of gas ohtmned fi*om 
coke blaOT-furnaces, aA’e fairly cousiiferalile, and, a3,will he remembered, 
wt nave alri^idy mentioned thcccause of this. 

As the need of air for the complete combusf.ion of fuel'geihirally ■ 
indreases almost proportionally with its, efieotive‘,heating value, it is 




Table 
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dear that •Idast-fuTnacc {;iis from Swe<ll.?h dioi-ooal furnaces should 
demand* eonr^taralf^'cly more air on eoinloistion f.han, for example, 
gas from eokti tiirnae.es, which, when dry anil jiuiified, needs about 
■()-7(l cubic foot ]ier ciiliic foot gas. 

In Talile X. tl.e nece.ssarv ainonni, of cumbiistion-air, L eu'ui., feet 
p.ir cubic foot dry anil jinntied gas, luiji'"also been calculated vith the 
a.ssistan‘ce of'prc 'ious reports resjieefmg the gas at Swedish blast¬ 
furnaces, in order l.o asci'rtain th(“ above-nientioned proportion, the 
ratio Ij : . As an aVivage Iheie was oblained 0*i)(J77.3, wliich, wuth 

the excepf ion of |,h.--.^\alne lor the Dalhailshyllan Work,-;, differs little 
from (lie other values, lor which reason, in calcuhili-ms, and when 
-joalyses canin-'. be procnieil of the gas in ipies' ion, il si-eins as if we 
inighi delermine the I heoretically ncce.s.saiv amount o.'coi|ibus^tion-air 
per cubic foot of bhist-fiiriiace gas froiii t he forninliV' — 

h 0'0077ii W loi charcoal lui.’-a'i's, 

•^ -0-00738 W lor coke lui naecs, 

on the supposition tlial, the etfective heatibg• value, W, measured 
In B.T,U. jier cubic foot at 11-7 lbs. i. ml :I2 K.iskiiown. The greatest 
div(-i‘l!iujiyj*','« obtained f,i'r the gas lioin Dalkailshyllaii, viz. iieaily 
(i pea cent.. The Iasi column m the table gives flic values of the 
weight per eubiC fool gas, wTiere tin' greill iiillueiii'e ol hydrogen 
and methane can cleaily be disl iiigiiished. 

What was saiij above about bhist-fuinaee gas liad res)iect to its 
ga.seoiis components. The gas, w heo it leaves the liiinaei', however, 
carries with it more or less tineld divided solid impurities, r/a.st, in 
laTSer or sini.ller quantities, the rediiclion of which to a percentage, 
allowed by the uorking of the gas-i-ligiiie, witliouf making the eo.st 
.y.'t cosiiruction lor the iieces.sary cleaning a])|iaratus altogether too , 
high, is a problnm (he pioper solution of which has alrea.d^ prr'ived 
to be ol the very greatest imptirtamce lor the'economical ul.ili.sation of 
blast,-furnace gas in ,gi.s-eiigines. 

Kver since the first eiii|iloynieiit of blast furmi.ee gas-engine,^,, the 
necessity has been .recognised of well fiiirifying the gas from mechani¬ 
cal iRipiirities, wliicli viioiild otherwise injure the internal working 
pafts of the cngiiie^^^Later e.xperience has sliowii, liowevei;. that the 
cletud’JV of tjie gas shoiili,'.also nece.s.sarily bei,‘xtended to (he removal, 
a.s iiv as pos.sible, of theisfeain acc.onqiaRying the ga.si parlly in order 
to avoid irregi'darities in ignition and liattly, too, because tiie separa¬ 
tion of l.he duRt from theagirs within iSte engine is rendered more 
difficult on passing sllarii .edges ol v,MveH, .and other delicate, details 
of regulation, if the gas lie diy. Jn moist ga.*^ which has been cooled ■ 
bdfore being led into the engip.e, t he particlgs of dust ar%, gji the con¬ 
trary, cqiited with' condensation vvater, am’v are thus heavier ; the 
particles are'therefore carried more easily out of .the direction of the 
current amt deposited in the Kiieighbourhood of the places above 
mentioned. For an engine which works for a long period incess^tly, 
such moist deposits dl dust need not necessarily become the cause of 
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*4rregHlar working, as ^ley dl> not fiinder the movoment of- tke, valve, 
gear in •any noteworthy degree. H, on the rf)(her,'han(l,-tKe jvorking 
is often stopped, the dust de]:|)sked becomes liard, t]ier<jjiy giving rise 
to great hindrances to tlig nnwemejil of the a])ove-mentione(l engine* 
parts^ l^hieli might even make the next, staying of |he engine impos¬ 
sible. pther disturbanees, aj^ain, can lx* caused by th^ dust burning 
fast'together witli tin* oil on laidlv cooled Surfaces ii^siib^l he cylinder : 
the thin*co*tings loosen a liltli* Irom the inner sinfais-, soon get hot, 
an^, thereby give ris<‘ lo jin*'ignil ions. Toy'Inindi liibricalion also 
seems to facilitate (In^o eurHuice of such disi iii bV^cu's. 

As is well JuK^wn, the greab'sl aiiiount of sti'ani which a gi<^t‘n 
(piantity of gas can receive and i(‘ta,in de])en(ls tTU‘ (.(‘nipc'ratur^ 
of thi‘^as. Til# ca.paeil V also iiicicascs rapidlv aivng with tife tem¬ 
perature, auj s**t]ie simplest, method ol obtj^ining tin' driest gas 
^ss'ble is to cool it as far as pos.sibh*. '^flie cooling also increasi's 
the maxmnini gow'tn'a.nd th^ thm-inal efliri(‘nc\'of 1 he* ciPgine, tin's* 
liittm* t)n accouni ol lln* ]>ossiL)ilit v of increasing *i*}ie eompressiou 
without eausiiig any |*i'e^iguit!ons, not to minition ot her tidvaiilages. 

To summarise what, has Ikmoi #iid abovi', the e.on<!itions nec(‘ssa,ry 
for a ihoi'oughiv rehable and econonfieal woi^-ing with gas^iuiadvitfor 
bl.ist-furnaia' gas aie, t hat the gas sliwll be fed into tin* engine as^'/enn 
and as drif os j/ossddr, an^ aJsf> icrll conh'd. 

Before tli(‘ different imUlmds of cleaning nw a.i.i dis¬ 

cussed, we slia.ll giv<‘ an aceouni ol I he origin an<! yimposition of the 
diisi ae.eompanying tin* gas, as yell as of the reiiiiircmenls usually 
jn'^scrilied by the inakn'r of tln^ rni'Jiine as to the piiiilv of t-lu' gas, 
j1 - ireedoii) .'‘mm moisture, ami its di^gri'e of coolness. 

'The dust in hlast-fiiinaee g»s is denied partly from tin* charges 
in )'le upper part of tlie liirnaci', and partly fiont the sniellij^ an(^| 
ri iuVilomzones. While the gr<‘at('» pail (d tlii' fo^iner consists of 
eo'u ;e ore- and eoai-[)ovv(*ier, and as*<uefi can easily he separati'd from 
the gas by Uk' be]]) of “ dusf pocLcIs" (si'c tig. (be removal of the 
latter*is attended with far greater dillieulties. as tlu' fineness of this 
dust is usually so great that tiff* [lartich's can renytin lloating ju the 
gas while passing through imfiiy huiidri'd yanli^of piping. In Swedish 
biast-furni||{vs lliese mix^^uri's consist of jiinvdrn^l mr (oxide of ini^i), 
powdered diareoaJ, eole.iui^ earboho{<\ and sdigdes. ^ 

As far as regards the amount of flusl,, it, i^'ill be ^eei^at once^^hat 
the coke blast-furnaei's hiel^sfnelt more friable kinds (j^ore will give 
a gas with a. larger percentagAif dust, than^hose eTiarge4 w itli the more 
compact sort of ore. As a riih^tlie pmcciyag(* of dust in tlu' gas ok 
coke blast-furnaces yarn's betw(*en l-ti «gramm<*s per eiifiie metre, ^ 

( =l'8-li'(^^>irttns per eultiy foot), after il^luis passi'd the dust-])oi-keW, 
amfthen the. impurities (‘<^isist almost entirely of fin*' ])arli<-les of dust. 
In Sw'edisli charcoal^funuiei's are smielted the eoti])aeter^imTs of^re, 

J0‘?4 grain per cijl)io#fnnt is pnicfl<-ally eijiiivnk'iit to 1 irramnie per cubic 
metre. 
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and soithe sas from such ))last-furnaces fes considerably cleaner than 
that fro,m those juft motitioned. According to Ilvhcndich's' 
ments, the Sifodish gas contains only grammes of dust per 

cubic metre gas ( ^O-Ob-I -1 grains per cubic fijot). The total percentage 
of dust vari(>s, hnu-ever, cpntlnnaliy during the working, and isbsially 
geeatest immediately after a charge whu'i tiie bliist is admitted, again. 

The degree ofvpurity of.'cleaned blast-furnace gas for motfjr pur- 
po.ses varie.s very much at dilferent works, but stdl it appears as if 
the amount of dust at' ryccuitly erected |)owe]'-|ila,iits for coke gas hes 
between ()-01.5 and tV-ltj grainnn‘s jrer cubic metic gas, eNce])t at a few 
wdrks, where the purilication is carried out to such y 'great degree 
tl.iat the pereeutagA may fall to O tIOl O-Otri gramme per cubic metre. 

TIk' inanufacturors of ga.s-engines usually iiresci k e in tliiAr con¬ 
tracts, as a highest jiermi.ssihle amount of dust, tt 'C^gramme per 
cubic metre gas. , 

In order l,o obtain tlie re(|uisile pui;dy of tile 'gas, use is made of 
certain apparatus s]H'cially eoustrucled for tin- |mrpose. by means of 
which the pt-rcentagi' of dust is griidnaily r<'(U; •ed to the preseribed 
ligure ; tins is done, partly becauseol lie whole of the cli'aning process 
cau'-iytti^jWth dillieidty 4'e earriei,l oul m a single ap|iaratus, and also 
becan.se gas of le.sser jiuril.y is all ways iiseil at the works for henling 
of boilers, bltisl-hl’tiliiHj, and \of I'oosliiir) ore. lAc. It may be mentioned 
that, at a number of works, a I'onsideiabie saving in the working 
expenses of the stipiin-generation, I lie heating of l.lie blast, etc., is made 
by cleaning tlie gas intended for 1.J'e.s(‘ purposes more thoroughly. 
The coating ot non-conduct.ive diis'i, wliiidi would otherwise settle on 
UlTfr heating .surfaces, has shown itself to be, in a very hfgh degree, 8). 
hindrance to the conduction, of lieat,'in addition to which, cleaning 
.'Vnsf.^ten be undertaken, and tins, in the long' niii, heeomes both 
expensive and tvoiiliiesome. Nowadays, therefore, the whiA' of the 
amount of gas coming from the klasl-fiirnades is cleaned to a. degree 
suitable lor the piirpa«^s last mentioned—about (l-.r) gramme of dust 
per cubic metre—while the more thorough cleaning for the puVpose 
of being used as eiy’ine gas, is only a]fj)lied to llie remaining gas, after 
tlie boilers and various <dp|)ai'al us have gbt what they rei|uire. 

‘"The apparatus e(p.i,stniel('il for the cleaning and dryiup of hlast- 
fuwvnjic gas,.present, oH,eom])ai'isi)n, impoiiT.ant dilTeiences, both as 
regaj-ds design and size,<even if llie aniiMiit of gas, the jiercentage of 
dust, and tin; demaijds that are niadit ir.'i the ipiaiity of the purified 
gas, happen lo*be the same.* Tile varioits |iriuciples which have been 
followed in eleaiiiiig li'avy Jiad the fuiAfier result that the apparatus at 
diifereni, works present very 'gi-c-af. variatioiis. 

The. great interest nowin.l^ys (‘vineed on, tlie Continf-..b.in the use 
of blast-furuaco gas in gas-engines has. ,however, liroii^it abbut 
ccj'^iin alterations fbr tlie better in fills respcck, too, as tfie manu¬ 
facture of cfeaniug aiiparatus tiiere is carried on as a .speciality by 
several manufacturers of repute, aad iJio conseijiieiice of’Ibis'is a 
beiter utilisation o'' Ibetbods wliich liai],, a long time previous, been 
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• employed at many j^ivatei ironworks. In the arrangemenb of a 
modern*cleaninfi apparatus for l)la.st-fiirnu(!» {■as.^nicntel- uiitforniity 
has boon ilitroduoed, ho\V(‘v|' « tliis liolds <ino(l espejlally 'foi' the 
more tliorongh eleaniii”,wliicli, nowadavs, is everywhere .<arrried‘ 
out l*)»means of in.ieliiiiery, 1( would (leeupv l(Vi iriiieli spae'e to 
eive a Retailed deseiiplion li§n‘ ol hotli older and nHid<‘rn eleaiiin^ 
appilratlis, and so refereriee wiTI only he ijiaile io a*lew*o( ll'h latest 
machine* f(»- this purpose. 

•Dust-pockets are, in yciicral, used for Ihr rutt'iinil d/'iIic marsn- i/iixl, 
together witik a. iimrihei ol othei apparalus.Vkiistiiieted on the 
principle tha»,he; 4 vv paitieles aic Ihrowii oiil ol a, gas-stream on 
passing sharp bends a«id jirojectiiig jiarts. h’ig. d’slury s sncli a, dust- 
sejiaraiiir of reigint coiistriietioii which does not r(n|uire anv further 
explaaiatioii.^ I h? apparat us jiisl, uientioinHl eaf^ he comprised undei’ 
TTie title of “ ilrji rlnincrx.'' 

Till" won- Ihorofl/I^ c/ccni/^ is, on Ihe oliicr hand, iisffaliv host 
carri('d*out in the wit, wav, hv using 
scrubbers or nihiri/ iiiis-^-ii*hi-rs for dust 
percentages down to a,houf, O-.t grai^nic 
per cubic ineirc. Fur liirther pieparij- 
tiion of gas siiit alilc lot I he engine, con¬ 
taining hitweeii Odlo (Wt'l graninie 
per culiie. nieire, i|. is iiiijio.ssililc, as a 
rule, according Io recent investiga- 
ti'Mis, to do without the ilei^iiiiig 
mcchines. In (i(is-iraslii‘rs the ga,?is 

*iie sa,mc Time cooled, in winch pro¬ 
cess the aceonipanving steam is pari ly 
I ■■(CKiensed, together wit h 1 he larger or 
sii , file (^anlil y ol sleain formed oitt , 

of I ,e clea.iiing water aff the cost «l flic fri'c heat ol the gas, ;\t 
works which ha ve not a very good siiji|ily of .wa ter, il is by these 
means |)ossibIc to replace Ihe cleaning watif which has been lost 
through evapor.iliou in Ihe selt1(iig-tank. 

the [lartial Iransformatifln of the cleaniipr water inlo slea,»i by 
the heat oj the gas, amrlhc conden.sation of thg steam in the colder 
remainder, which lakes ^ilace immedialely^ifterwards, iirc, y^.lJie 
contrary, of groat imporfaiic*, espedally foi-.the jirtK'i[illation ol^the 
minuter forms of dust. Foi'^)#t-washing really aims al»coaliiig each 
particle of dust with a lilm ft water, wh»di malfes 111 * particle both 
larger and heavier; the ]iarticl»s can lhci'^di\-*not only more easily 
attach thcimsclvcs to surfaces, hut arc •more |)ovvcrfiilly inlliicnccil 
by gravity^^(i*rt coiilrilng.al force. In ^Uicr words, scizinq Zf 

theVust by wiiler," and ih^scparalion from ihe yas in a imiisl siale, are 
the chief abjects of ^as-irashiny. ^he coating (If the pArtiedes with 
water cannot he imagined as taking jiiace in a jnoi'e jierfeTit way than 
by th^ooflde.nsation tlie steamtaceoinpanying tlio gas, as this steam 
everywhere surrourj^.s the pa,rticle.s in an exttiPlI^ely finely divided 
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State. . Tn orcTer to obtain an effective e^iianing, it wonld seem .as if 
the gas ,should he conveyed to t.lie ga.s-wii.sher at as liigh a temjierature 
a.s j)OSRihle ; ;t can then, from wliat'difs already been shown, carry 
•witli it a comparatively large)’ a.mounli of st^sini than when it is cold, 
in addition to the fact that (he ga.s. by giving off .some heal*t^ the 
I’Jraning watei;. is fiiitlier ('iiriehi'd with steam fi’oiti this liittej'. The 
ease with whioli gyen the fi'aest particles ol diisl allow themsAves to 
he, se|iaral,('d from gas mingled with steam has led |,o the invention 
of certain apparatus ,s*j'>(^'ia,lly intended for cleaning-machines, vvhfeh 
in a very high degi e^^ jSjoniolc t he lorma tion oi sic'.im mil uJ 1 he cleaning 
witi.er, while at tlie-sa,me lime the latter is forced^ lOjiMrni effective 
gj;ater-strata hjj-tile, condensation of the sleant,a,nd the receplion of 
the wa'ier-eovered.dnst ])ar1n'les. dffie coaisin’ paitieJ’,'S, on tU othi’r 
iiand, ai’c caiigfit, f.ni'ii easil>' li\’spiuikiiiia water, ty on'passiiig the 
ahove-menilolled watei-.sl,’ala and siii fai'es. 

' VVe slildl now di’serihe some a,|)|iaratus and nl.iidiiiies lor the clean¬ 
sing of gas by I.Tfe wet method, staling at, tlie same tune apiiroxi- 
niately llie, ('leaning-power, llie amonni, oi wj.tiv used, ete. 

Till' scrubber usually consists of /i lofty iron towel' wliieli is jia.s.sed 
in (WHUi^iil-ream by t liiygas and h he ( leiiiiiiig water. The latter is in- 
trod teianVom a,l)ov(‘, and is liiieli,’ divided in various wavs, by sprlnk- 
line or, still oftc'ner, hv the atisislaiiee ol \'erious kinds ol seinhher 

ha Hies, the olijeet of 
w liH'li is to cut the water 
into rlim strata of the 
greatest po.s.sihle surface, 
and to diiiiinisli the^ 
ra|iiditv of I, he fall of 
water. The hot gas is 
inirodiiced fro#i liAow, 
'and forces il.s way uj) 
through the warm and 
lliiciv di'ided (■h'ftning 
water, a part of which 
is I laiislormcd ini,o steam 
'"which IS taken up and 
can led lartlicr u]) t o the 
colder zones, where it 
actively coiitrihutes in 
the usual way to the 
I’clcnlion (d' the finer 
dust. The precipitation 
of the water-covered paTticli’!^'.iii the watci -siirlace.sand h 'tjfc.s is facili¬ 
tated by the many elianges of direction following in close succession 
in Jlic (fircciion of the gas-streaiil. The hallles coirsist, as a rule, 
of wood hi.tf!.s of varioji.s sliapon,; iron jilates are also sometimes used, 
such as, for exuiii))le, that shown iiii.fig. 5, as w_fll as sieved anA wire 
gaUzBS. Coke is Ijj'iS’snitahle as cleaning matcrijil in a scrubber for 
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blast-fyrnaoe gas, because ?hc porcenlagc of dust in tijo'gas,* before 
its’arrival in the scrubber, is usually so lugfli J;lu*. the inter^ic.es be¬ 
tween the lumps of coke soot^get, fiih'd up. Fig. i ^ shflws a patented 
w^oode^ bailie, tlu‘ Zsch^ckr. Older plauf-s art' offen provitfed with 
seveftiT sue.h scrub-bers arraiigeil after eacji otljei-: which gradually 
reductj^.he dust pert^'iilage aTiJ the temperature. Th<» giea.'t,aniouftt 
of spaee^thus rt'udered necessary' has had*a,^ a result fliat*this eoustruc- 
timi is nov^ le.ss used, and ctPiistruetions niuel^ narrower in form are 
einjdoyed iistead. ^siich as tlio.se 
shown in (i^^. ,b and U. The liist 
ligure shows a«cri»bber with iron-pl.ite 
bu lltes^n,ire t ban H.5 f(^'t high. ini ended 
to ch'im aftd el?;i[e loo ((()(, 

^ jilasl-furnat* g;fs per hour, with 2-5 ;! 
grammes of dust per cubicmetrt'of gas. 

T'he.scrubln r in lig*(i really eotisisl.s of 
three small scrubbers in series, built 
together, and providt'tf w'ith wootl 
baffles. The gas is led from tin' b»is|- 
furn^e by means of two pipes, .b fi'»t 
widofKvhich lead to the gas inlet *f 
the duat-|iocK'ei. The ifppaiatiis, as 
.1 whole, is ealcnlated to reduce the 
peiiontage ol dust and the. tem|iera- 
tui" of 1,101),000 ciihie, feet 01 ^as 
pei In’ur, Jrom 1 S grainmes and 
(J ()'. 0-200*' F. teni|H'ra ture to 1 gi amnu' 

.Old 105“ F, temperature respecfively. 

The^ further preparation of the gas 
tae 'S plaTe liy fans. ^ * 

■Viuongst tlic newer kinds of so- 
e .lied clenniiifi-iHacliini’x may be men¬ 
tioned tl'o.se constnieted by ISujii and 
Theiarn, and/««.■, with water-jnji'clion. 

The ISi,an mi.sher is r«ally intended 
for cleanii^ the wdiole amount of gas 
taken from the blast-furBaee to sntji 
a pereentage that the gas, wfft^ioiit tnrther F,leaning', sffall lie fi* to 
use for heating purposes, ^'he cooling effect i)^ tlie leaner is also 
very good, as the gas on its exit usiiallf ]iroves to fie cooled to a 
temperature only slighlly e.xceeding that #)f tlie cleaning watei’ 
supplied, which has jnobalily coiitrihuted*to the fact that the inachitjp 
is lisually '..down by tlie title of liian ^euoler. 

The washer consists ol s.n ii'on w»ter-trough M (figit. 7 and 8),f)rovided 
at the bottom with the pipes"F for drawing off the *nud, aiulat the sidits 
with two Jiearings in which the sliaftW is jontnalled. To the shaH 

' Figs. II, (I, and llitirc IVoin tttuhl nv*l lIMHi. 
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are se(Hir('d'clisti.s S, which are provided ^'iith sector-shaped openings 
covered with wire gt-Hj/.e \?’iih about J-inc1i meshes. The water-trodgh 
is usually from 10-1 (ij feet long and abo'<h. 1.3 feet wide ; the diameter 



of the discs is lOJ feet. The (lougli is kept filled almost to the hrim> 
with water, .sit that, diiriiig'tlie rotation, new siirlaees of the discs, 
"•■vi'fftiflf'are .sunk to .alnio.st one-lmlf of their extent in the water^ are 
kejit covered wilh thin Hlms/if water. Tlf di.scs S are surrounded 



^V’lns. 7 and S. 


rather'narrow hood R, open at the" hottoir and provided with 
heads. The, gas, whie.h is taken jl'oni the hhist-fiii'iuice at a te;upprature 
of, ]80“-390“ ft., is introduced at Pi, and passes through the'^pper 
part of the discs S;fin the direction of.the arrow. 
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FoPowinf; the "af* from%t.he inlet, the coarser .dust is precipitated 
chiefly on the front discs, while tlie, absor]flit>n ftf the llner*[)articles 
takes ])lace, will) the assi.stVu'e ol the aeeoni|)anviii» steaiii on its 
eondciisatioii, on tlie di;»s sil imted I'ai Ilii'r olT. The ennchinii of Ihe 
eas%ith steam mil of llie eleanin;^ water, lakes place gradually, in 
aeooi'j^xnee with lli^ inereas^pn the nnnilier of the discs passed Ity, 
until, at a cerlaiii disc, tlie yus is so far fooleil thift life I'oimation ol, 
steam coiiH's to an end ; the thin lilms of water, which were formeih' 
so ellVctive loi' Ihe |necipita.l ion of dnsl, no».' oiler yood conden.sal ion 
surfaces 1,o tlie sicani instead. The discs rotifti'''at alioiit Kt revolu¬ 
tions per iiiintilcj*and, at certain intervals, iiri‘ washed fieejrom any 
deposds ,if dust hyliieans ol aiitoinaticallv actiny Viisliiii" dcvici.r,' 
in adim.ioy to^tpicli, the mud is now and I hen drawn oil at the nnid- 
yipes F. J*'on? the chuiiicr the yas is sucked into the fan V, where it 
is fiiitlier cleaned lir^the injection of vvatiS. 

'I'lie results olA,allied by *his cleaner deal u'ltliyinst |icrceiitaee.s 
of about 11-5 yraiiiiiic pm- cubic iiii'trc ; the yas is coolcd^dowii aliiiosli 
to the Icmpiaatnre of’tlic clcaniiiy wa ter, anil in Ihe process the cleaner 
is .streamed tliroiiyli bv the tot al ;*ny\iiil of I lie yas, siicli a.s it leaves the 
blasl.-fiirnaees. .\ more efi'eelive pfrilieal i(#i lor (lie |)iir[To.se of iTeiiiy, 
used as enydne yas is afterwaids isirried out with p ipiaiitity 6f yas 
specially (akeii for I lie*piirpose, and with a dust perceiitaye of tl-.b 
graimne. Amoiiyst the other advaiitayes ol this washer iiiiiy be 
rei koned the small eoiisiinipliim of |)ower, aiiioitiil iiiy to about It) 
Tl.!’., for the rotation of the disi'.o and to .'if) II.I*, for driviiiy the fan, 
all eal •ida(,cd for a bl.ast-fiirnaee of 11)0 tons smelliny-eapacil.y. In 
Midditimi to ihis. tiiere is the low' water-eoiisiiiuption iff I enbie foot 
pci' KMXI enbie feet of yas for (lie*u asher, *nd O-.b -1 eiibiy foot, for t he fan 
- 1^ ese fiyiires beiiiy for yas below 2 Hi ' H’.: while, on Ifie o| In . 'h'llP,,!-,- 
I.h' eoiisflm]ilioii, with i^is-tenijieraT.iiros ahove 212’ F., is staled to be 
all,nit 2 enbie feet foi the eleaiier aiid I eiiliie foot for tlie fan. 

Theisi'n's niiiirii-imi.sln’r is shown in liys. t) 62, and eoiisisls of the 
suctron-idiaiiiber A and the |^■esslll'e-ehalllber B. 'I’he heads with 
the inlet and outlet, for the,aas are bolted fast to Tlie conical hood of 
sheet-iron C, the inner H'lifiiee of whieh is eovTned with the wire-*yiiuize 
E. On Irackets, east in one piece with the liitwls, are, two bearinya 
in wliicli rofates Hie slnfft to whielj the dr«ni D is seciAed. is 

provided witli vanes h and Tc. wliich, diirin* ihe riTl.alfoii, exerrwse a 
fan-like action on the yas^whieli, i'onse<|iieiitl|K, is sffeked into the 
w'asheiyin wliicli it is cleaned,aiiij from wIiTcIi it is afl.erx?ards di.sMiavyed 
at a pre.ssure of 2 1 ini'hes of water. Tke«h)liy winys i, which ai^‘ 
riveted oblk^iely on i.i* the niaiitle of tlie driiiii itself, also force tjie 
yaj into iJlation in lony. spiral-shaj^iT |ia,ths, which considerably 
increases the cleaniiiy power, as Uie yas is lliereby ret,anied»lonyer in 
the washer. The«eleaiiiiiy water is led tanyentially Jhronyh»fJic 
nozzles F.into the eleaner, and runs tint fromfllic .suction-chainher A 
throfigh G. 

The method of Tvorlriiie ef*the machine isias fallows : The gas is 
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introditRcd.'at a und is iiiiMiodiately cauji^t by vanes h, ii\ which 
process the s'as is ftrst .{rfeed cent.rifiii'allv from coarser dust, in order 
to 1)0 carried by'the win»s i, in counter-^reiirn to the water, through 
tlic annular cliamber between the drum and the hood. In this yrocess 
the gas is piessed forwaijfl with a swirling tnovenient, exercisitig a 
certain pressure against the water whkdt'is s])rca(l unilormly o».'er the 
inner surface of life hood, wi'in h })ressui:e, together with tlie difference 
in s))eed arising between the two media, produces frii'tltiiial action 



Flos, n 12. 


between thenV whieli gn'atly proinotofj, dlie precipitation of the dust. 
A "reat deal rfi the di ist is iit once flung “ill. toward.s the hood, and is 
ab.sorbed by the eleanpig Wilier ; a ])jirt is caught by the wati'r-sjjray 
m order to he afterward!'carried oil in the same way, whih', on the 
ot,her hand- according to wliat the inventor nays—the precipitation 
of the fine dust in this eleailef is etiietly to he aserihed tp>he eondpn- 
satory a«tioij of t'ne si,earn carried hy the gas. This action is still 
fuctihei inert'ased hy* the roughened washing sueface eaitsed by the 
above-ijjentioned wire-gauze. ^ 

• Theisen proposed that the warm gas (the scrijbber apparatus Iheing' 
omitted) should ly'lcd direct from tin diy-cleaner into the cleaning- 
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machine, in whose iii^erior^iart, a lively develoinnent, of .sfeain would 
th'cn t'akc place. For t.ln^ purpose of still^urlliiH’ enricliinn the }tas 
with steam, water can al.so ^e injected into tfic puLs-pipin^ hy the. aid 
of .simple sprayers heloij' the ,!;as arrives at the cleaner. But, even 
if tl#?^deaninfi power of tin' inae.hine rs tlieri'tjy inewased, we must not 
overk^rk ttie fact lhal, at suiji a liiph t<'nip^ra.tnre as li^at at wliieli Jie. 
j;as, itnder such conTlitions, enters the eliV'iier, lhe*\oiJ; of ]♦oJ)ulsion 
transfeTre4 'o the pas hy the maeinne, must he eunsiik'ialrly preaie.i^ 
tlTan wiien the p;rs lias pieviously been eooh'il fiHhe pa.s-waslier. 1 his 
additional \v#)rk shoflld a'wavs he taken into eu'iviuleraiion in ealeulat- 
iiif' the, woi’ivwip 4 ‘xpenses, and this so inneh the more as the ellieiiTiey 
of the. nfiehine, in tlie respect nu'ntioned, is dou6tle%iiy eonsiderahf”* 
belowVhat wilili which a well-construeted fan would carry out Itlie, .same 
work, 

* The results with repard t.o eleaninp i*ipaeity ohiained with this 
washer are very (toifll, luiwe^'el. By its use it is |^ossilili» to reduce 
the (h'leenlape of dust from h I piaiiinies pel eiiiiie metre pas to 
0'l)2 ()•().'! prainnies tlte eonsiimplion of water vaiyin* helween D iS 
and I'.h e.uhic leet per IIHM) euhii^feet of pas. The larper cleaners are 
driven hy elect lo-motors, the smjller onej on the oll*‘r han(+, hy^ 
beiting, at .'illll to l.")0 revolutions p^,' nnnut.e. Tlie.se eleaneri ankinade 
.4ft sizes for 212,01)0 to I70,000 ciihie, feel, of pas pei''l*inr. The power 
’■erpiiied may he calculated at 0-13 to 0'2.b II.1'. per loot) cubic feet 
gas 

/’rtit.s- with wdli'r-iii/rctinii hiym come much )nt(> use diirinp the host 
fc’V year). In appeai’iniee I liev*i'esenihle till' ord)na.)'y Ians fo)' t.he 
pi..pul,-,io))’o' air. althouph their details are moi’c soli*'ly made than 
’t.liev ai'e in the latter kinds, ii» eoiise(|iy'ne.e of the mole difficult con- 
'li'i'Uis nndei wliieli a. fan ol the foi'iiu')' kind has fo work. .Jl..lo)-s. 
fi.i'e.v ..•pie, the, vanes and hearings of pas-faiis aie,,ol more powerful 
CO'ruction than is tlTe I'ase with ;fn ordinary fan. d he cleaning 
'I'ltli faii.s take.s place by water heinp nijee.teif into the suction-jiipe, 
andtilireadinp into the shape of a veil. Having thus been moistened, 
th" particles of iiusl. are aftel*Aaids thrown by la'iitrifugal force out 
towards the eire,unifer(;nce*of the lan-ease. •From the hotl.onwif the, 
case the^'as and mud arc led off through a sluirt rectaiipular outlet, 
which comnioiilv opens ^ito a large, high ht^.x, wit*li an ii^ieiiinp j)jt.*tlic 
bottom, the interior ol whici is se.])?irated lr*mi the tuit»r air hy Ineans 
of water, which reaches -, hf l.lt- way above the Jower iKlge of the box 
(water seal), .ft its top, tfc' box is jiroA'ided with an outlet through 
which the cleaned gas is led i^f, while thy nntd sinks down throuj|ii 
the box and runs olf at the bottom. ■ 

Ill ivsn'.tc. to the cleaning capacity* a fan very naturally eomeS a 
lofig way after the Theisen cleaner, in wliieli the gius and the cleaning 
water are com])elh;)l to act still more com])let,<^y uponVacTi otl^r in 
countor-stream. With the fan, a i'eduction of the percentage * of 
\i dustfln*&e proportipn of 10:1 is considered a good result with a per¬ 
centage of dust of, about 3,gjammeB per cubic' igetre ; in some few 
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cases a eleaniii;^ ol 12:1 seems 1o have bey^'i oht^jiiied. The eoiisunip- 
tion of \}^aier is lieri; siat ‘d U) have varied between 1*5 and t cubic 
feet water pei; lOUO mibie feet of ,<ias [|Lr (juantilies of oas varying 
betweeit 5-10,000 and 2,5l)(l,()(H) eubi<; leel.^iper hour, and a cori'e- 
.sf)Oudij)g amount ol j)o\\er ol between io and I |o 11.11.lb ily feU-ing 
tiv.‘gas pass lv;o Ians phu'ed (ajidem, belli lurvmg water-injection, it 
has, )io\t(!ver,*-be(i,n lonud .possihht to make the (-leaning eaf)a(.uty 
‘nO: 1 and even 20(): I. with a powei-cousumplion of O-bV'tiH 11.P. 
per JOOO cul)ic Jeel ol I'cr Juuii. Two Ians working together, wiYh 
water-injection, tlu/ ‘lore seem to l)(‘, as lai 'as r(‘gards dcauing 
cafia-city and the necc'ssary amount, oi power, c<n,nptr<ible with a 
,oTh('isen cleanei, • i. 

All iitOuupt has also been made to l(‘a<l the gas thr« igh tlii/e fans 
placed in serii's, ol which the lirst two serve chiflley '.■Jeaners ; 
the third, on the other han,-!, s(‘paralcs the watei from the gas. TJie 
high coiisivmplioti oi ])ower and the cojnpljcatnbis' which necessarily 
accompany this system sliould, it might he Ihoiiglit. havt^ been a 
delenami Iro/fi making an} attenifit. in this di'i'eclioii. For ilu^ drying 
of th(‘ gas tlu'K' ar(“, instc'ad, cliea[i, i,nd «aisi}y' handled apfiaratus to 
he Ifad. wlikh do the sa^ie s(‘rvi((‘ as a fan with its motor; and as 
* ri'gaiVs Ihe aH.endaiice of a elea'.iing plant wit h fans, this can he. 

tronbh'some eno.i'gh, <‘veii in lie* ease ol a chaning apparatus on the 
' twm-lan system. The umuoidahle variations in the amount of gas 
and in the temperi^l ure have, m a word, .shown themselves to possi^ss 
a disturbing inlliK'iiee on tie* co-opepition h(“lwoen the fans, which 
olti'ii necessitates their being leguiaked by hand during tlu^ working. 

WTum the,gas has left, tie* e(*ntiilugal (•lean(‘r last deserihed, it 
oughl to he jmnficHl to the j)j(‘senb(‘d'']>roportioii and well cooled, as 
pha.se of flic j^iis-|)i('|)ai'afioii. 'I'lic drijimi involves iiotliiug 
else bill file reiiK.'val ol liie wafer’wliieli has been earned aknig \fitu 
tdie i;a.s iiK’clianieally. J<'or fin' jinrjiose of ili vini; the eas, loriler-lriipn 
and filler tijijiamiui arui employed. The former resemble the ordiuaiy 
vvafi'i'-separators for .sfeaiii, and the sepaialnm ol flic water froiiS l.be 
eas fakes place in Jlie .same way as iiCfliese, i.c. in lueordaiiee w'ifti 
the plan of separating, the dilsf iiiti) fly diist-poekefs bcfoic 
mebtioiied. , , 

rule„1 he ilryiiif; vv,d.h lilfers fakes ]i'ii(v' affei’ the j^as lias jiassed 
the, jv’afei'-sepe.rators, aal then usually'in iiifili, eylimlrieal towers 
with several h’',IHe,s Ivlipi; above each 'other, on which is spread the 
filter iii’iterial, consislinj. nsitaily of loouif-jibre or mineral-wool. Saw¬ 
dust filters are also employed for the’i.ame purpose. 

The ^00(1 efTeet of a ^as-holder of larpe volume, which is e.oiinected 
to'‘the gas-pi pini. hetweeii tlia-trying apparatus and tliKgas-engine, 
on the cojnpositioiu of the gas, hy dinunisliing the proportion of mols- 
turc.has, during the last few years, been more ancl,more made use of, 
and this so ^riuch the .more as. the more perfect and easy drying 
in such a tank is usually accompanied by a decrease in the ‘iom- 
perature of the ga^ In addition to t|ii^, the arr»ngcment also con- 
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tributes to prodiiein^ uiiif|imity aiiioiig.st the more or.les.s sudden 
variations in the eonipositum and pressure tlin'sas. 

The above description ojthe most iisiuil ap|iariitu.s and niaeliiue.s 
for tlie. piiiilieation of ;^is, wliieli are In be mi't. willi in a modern 
elea*iTi!> mstallalion lor blasi-furnaei‘ ^as, allows Um direction which 
is no\"*adavs l.akeii iii the em-etioii ol siieldan iMst.alIii,tion. T liiis.^iii 
the t*’iiii'al cleanin* apparatii's for cdhr i'i(sl-Jiini(tcc I.l*' coarse 
dust i.s'siiiarated into (/((.sl /i't'/rcts', alt'er whieli the preparation and* 
cJolllip ol the .^as is carried out in .o ™(V^'i*.^(or in Uian cleaners), 
and tile tinifl cieantiie, uid drvinn in a <riili(Ji^(fd clediii-r (Tlieisen 
cleaner, taifs.wah waler-injeciion), and Jnjimi iijipitKiInx (waTer- 
separato’s, lllteis, o* ;;as-holder). .\ dillerenl• ni*4.|io(l Troni thi«, 
has l*»en thi*carrvine out ot the linal cleaniiie solely I'.V the help 
^f the Tl'*seil»ap]iaialiis or fans, as well as by t he hidp of st.eaui 
(Koertine). 

In yene-al, I hf [Siwi r-eoijsiinipl ion varies bel.ween D W and O'.iT 
H.l’.,*for the pnnlieation ol IIKIU ciibie leet ol yas, or, in oilier wol'ds^, 
1-7-1 pin-i-ent.ol 111*- flower ol I he eas-enein('s are reiHiiied to drive 
the cleanin;.; machines, ]imnp.s, e|c.* 

The coiisuinplion of w.iter has IJicii foiiml l.o vary betneen i*nd « 
c.uliSo feet per lOllO cubic leet, of ,i,%,s. 

The total working ■.vpenses for the pnrillealii'.'.H ol III,0011 ciiliic 
feet ol blasl-liirnace ;;as, ineliidiii" inleiest and capital cost, seems," 
ac -n-dine to Reiiihariil, t.o vary between Id.-2d, 1 eenl.s). 

It semns as if there still ri'n;;iins very innch to be investleated with 
I'l ipi'i-s to ihe supply t>j ytts fitr iiifdor pnfposfs at blasl-lnrnace woiks, 
ai,.l, e-.en with the'assistance ot extensive material lyr ob.servation, 
‘'this’ipicstioii will s(-areely be l♦nswe|■ed,in a lorni .so generally accept- 
|.,,l that snflicient information will be obtained to flllow ol lljij-ipii- 
v-nei.i, employment in plaiinine •installal ions tortile purpose, men- 
tioe id. The loss at tl7e nioiith of tffe blasl.-fiiinace and, above all, 
:hc need of eas for the, roastiny-fnrnaces, hot blast-stoves, etc,, depeud 
on it uiiinbin- of uncertain factors, and vaiy y'really, even at one and 
the same blast Ini nace, accorif.ne to the changes i*iade in the charging 
and operation, etc. (inly^ri exhaustive exa.inination in each special 
case caii.sproad light, on the subject, but geinii-idcxaniiiiation.s, how¬ 
ever, will probably be .none the le.ss ol ;y eat iinpoi tiyice, aiid. are 
calculated t.o direci, atten*ion to* the pnnsibilili(;s, *eally e.«sting, 
of an extensive and ei .imniRcal employinent^of thi,s valuable- by- 

^Highly illustrative in this Soniieetioii are, ihe i-csiilts obtained ty 
E. HirbendickV above-mentioned investigafioiis at Swedish charcoal 
bla.st-fiii-n--.A5s, which'nijiy here be briefly. • 

* Accordiu*’^ to those we shouUl bo ublc to calciy.‘itc, on an fiverage, 
for every ton of i)ig-iron produced, of 5,100,^00 B/J>U. disposable, 

If the gas-coiisurtption is lakt^t as bniiig about 100 cubic foot per B.H.P. 
per hour. 
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which, Iraosformed in gas-engines taking aboi^t 
B.H.P, per hour, wij'l give 


5,1 (iO,000 
24 X 12,(100""^® 


I’ 

B.H.Q. 


12,000 B.T.U. per . 


pqr ton pig-irop produced jxn- 21 liours.^ «The sak^siirplus of he#t, too, 
amounts to a Jittk’ over 30/per cent, of tlio total lieat-supply ^f the 
%Iast-furna(’e gas. At works with colre hlast-furnaces, fie. 9 ufplus of 
60 per cent, can often(Veckoned on. Calculating 142,000 cubic f^et 
gas per ton pig-iron,uVd with an effective beatinb valuc'of 97 B.T.U. 
pef cubic foot, we get for these latter furnaces : 


0-50 X 142,000x97 
24 xl2,(.X)0 


= 24B.H.P. 


per ton j)ig-iron, per 24 hours’ pioduction. That the surplus for 
engine-pod’er is npt as large, at iSwedish wprks as af other places depends 
in a great measure on the roasting of the. ore \v'hich must iiceessarily 
be undertake’h at iSwedisb works before charging, in wdiicli 20 per 
cent, of the gas is used. 


< 

(c) Coke-Oven Gas. ^ 

Coke-ovens give considerable amounte, not only of gas, but also of 
other by-productS'T'tar, benzol, and aniinonia. The em[>loyment in 
engines of the gas in question was at krst attended with certain diffi¬ 
culties, but it is now coming more and more into use. The newer 
kinds of regenerative ovens give, on an average, (iOOO-l 6,000 cubic 
feet of gas per long ton of dry coal, ae.cdtding to the quality of the fuel. 
^Jgj^dea of the properties of (x.)ke-oveii gas may be gained from tests 
made at a coke-oi'en plant at (lla.'&port, Pa,,^U.S.A.i The Coal used 
had an average composition of 89-6() per cent, of fixed carbon, 34-6 per 
cent, of volatile hydrocxirhons, and 5'84 per cent, of ash. 

The composition of the gas varied within very wide limits dilring 
the coking process, and the gas consistf'd of 

Per c6it. by vitlmuc. 

Carbon ditwi/le .... COj 4-2 *' 

Carl'on monoxidJ' . > . ,, CO" 7-0 

Oxygen " . “ . . ( .',,.0 ()-3- 0-3 

Heavy ^ydreffiarbouji . . iV 6 - ()-6 

Methane ... ' . . ^ . CH 4 41-9 

Hydrogen . 1 ' „ . . H 33 -67 

Nitrogen . . „ ^ . . N - 8-7-15*2. 

The figures in t^.ie first row givo the composition after \\ hour’s 
and t^iose in the second row the composition at the end of th 0 
coking, after about 34 hours. 

^ ’Power, Marchjl^S. 
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The effective heatjng va^ie of the gas rose, (luring the first three 
hours, from 690 to 775 B.TTi. per cubic fo»t, began the,n to fall 
off, and was at the cud of thi| coking process as low as ^40 B.T.U. 

On account of these vyde variations, it will, at least in most cases;, 
be n%cissary to supply a ga.s-liokler of sufficient size, »o that the average 
gas dr%wn from it is faiily cajistaiit. 

Tlffe total volume of gas generated u‘i' long Um t»f drv*<-oal in 
this easP. y^s 10,390 cubic feet. If. however, we use the very i;on- 
seftfative rating of 9000 cubic- feet gas ])ei lom^dU of coal, and a mean 
effective heating vahie of 600 li.T.lJ. per i^itiic foot, and if wo 
further supjfoge i^O per cent, of the gas to be disposable tor engiffe- 
power, and the gas-migine to reijuirc 19,000 B.'l'U.'jier ll.*ll.l’. pc 
hour, tteii the*; can be generated 


O-.oO X 9000 X fltX) 

'21 712,000' 


9-4iB.H.P. 


per lofig t'OU of c-oal coko'd, and pei' 21 hours. 

The .sjjeeitic, gravity df the gas, as compared with air? ranges from 
about 0-35 to 0-.5. The small weight is e.vplained by the ladatively 
large proportion of hydrogen. Th^nccessaiiy volume of *iv theofeti- 
eally reejuisite ioi- combustion is abAit 4 to 5-0 cubic, feet per cubi» foot 
of gas. 


II. LIQUID FUELS. 

• • 

General Qualities. 

The advantag('s of licpiid futi as e-oniiiared with solid are, in many 
^ ca.se'., numerous and important. For example, the ease with wta'itiVf jt 
• a -1 Tie coiweyedby nieansof ])unips ifnd pipes from oiuiplace l-o another, 
the possibility of storing it couvenienrly in tanks and cisterns, the 
comparatively large supply of heat per unit-volume of fuel, etc., con¬ 
tribute in many cases to .its ajipearing to be a i-eally ideal fuel. This 
holds good especially with regard to its employuttnt for motor pur¬ 
poses. ' The, fact that a^ lii’sf it was employed«mly for engines of^imall 
power, hojrever, and amongst these, princijially fej'^he non-statiomfry, 
depended partly on thi’Jdgh hcat-^irice of«(,he fuel, and also »^its 
great adaptability for the engines in c|uesti»n. It wawnot un^ the, 
perfecting of ItiidT above all, of t^e DkwI motor, that 

Kquid fuel could come into qit-stion when greater powel»was demanded,. 
as it then became ]>ossihle to iiFake use ofiihenp fuel-oils which, pr# 
viously, could not be employed. 

The Physical and Chemical Qualities of Liquid Fuels as Characteristics 
of their Capability of being employed for CSmbustioj Engines, 

• • 

: ■ Irf judging of the,suitability ef a liquid fuel for these engines, the 
.ifollowing qualities qre of mo^e^or less importance,^iz., (1) the elective 
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hmlinq value, (2) the volatilily, (3) clicntfeal cqiiipovUion, (4) tspevific 
gravity, /5) jlashingipoint-, (6) viscosity} 

All tiiese (jliariiLteristicK, Ikiwcvit, not needed in order to dis¬ 
cover in whiit dofiree a liquid fuel van lie.,used for motor purposes, 
but it is usually the priiieijile. on wliicli the engine works fluit ieter- 
laiiies to wliiuh of the (Qualities iiieiilitned the greatest iiuf^rrtance 
should *be ascrilced. Ttii(is, lor exaiiijile, thi‘ knowledge *of the 
speeilic gravity of one. kind of jretrol is sometimes eiioiiglirto’judge of 
its behaviour in autqbinbile motors, while sonietiines the elieinfeal 
composition and tby'wscosil y are good guides, eSjiecially in the choice 
ofclieiip fuel for Diesel motors, lor e.xanijile. 'I’lie iiiyst refiable method 
yif judging whythel a, lui'l can be used is, hovviver, always its direct 
trial in' working—the more, so, because 1 he (auisiimpticVi of fuo'.'c.an be 
determined at the same lime. 

(1) The cjjcchvc liailiii^,/ value |ier lb. of fuel increases, in general, 
with the. firo])ortioii of hydrogen in t hqfiicl. T'hi'distillatcs of crude 
..mineral oil, siicli as Texas and Solar oil, kercsenc (lamp-oil),‘petrol, 
etc., usually*'posse.ss an ellective heating valiVc at about 18,000 B.T.U. 
per lb. The heating value for ah^oliol-fuels amounts, as a rule, to 
10,MXI B.lkU. per lb. 

(«f) Volaiihly .—At the beginufiig ol this book we pciiiteil out the 
nec,e.s,sity of thb fuel being mixed, in an exceedingly finely divided 
state, with the conibustioii-air in the cylinder before ignition takes 
place. In the. gijuiter number ol combustion engines using liquid 
fuel, we are in this re.spcct dependept, in a very great measure, on 
the ease with which the fuel can *ne vajioriscd, as in that state the 
mixing with^hc air can be most .securely carried out. ‘Dveii if tli^ 
process of lincly dividing thy fuel is {Wcceded by a mechanical .s|)ray- 
jUibU^v means' of a pump or air-jiressure, simultaneously with the 
injection into tly cylinder against? some glowing surface (hi*-bull)), or 
into the. greatly compressed h*ot coinbustion-air (Diesel motor), there 
is always a greater oria smaller part of the fuel vaporised before it is 
consumed. 

The various fuel-oils jiresent very^eat diflerences with regard to 
their.volatility, according to their compo‘sitiop. Petrol, for example, 
behomes vaporise!^ji't 1,he ordinary temperature of the air.iiiid under 
ati^spheriual pressure Ijpc.omes entirely so i»t 230“' F., while American 
parnflin (lamp-oil, kerosene) reqmrc.s a t(*nipe.rature of something more 
than filti'’ 1*'.in ordjr to boil. As ex^eiY'liquid fuel is a mixture of 
variomi hydrocarbons with* varying bofiing-points, the vaporisation 
Xjf the fuel lakes pliftje gradually af, increasing temjieratures, until 
finally it becomes complete when the least volatile constituents have 
idached their boiling-tempefiture. Thus,the kinds W! petroleum 

^ FisfOeVf/y HflernuiiOo how many limes a liquid is slower in its rate of flowing 
titan water (J^ijiler’s tost). Viscosit;^ changes very much with tho temperature. 
Oils flow more easily, i.e. the viscosity js diminished, at high temperatures. 
Thus, for example, an oil at 32° F. may have a viscosity of 500, at 08° F. of 65, 
but at 100° F. only Ijjt 
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mentioned above give jff 20 ^cr cent, vapour at 300“ 40 per cent, at 

390° i'., 70 per cent, at ISO'W., and nearly 90 ])(« cent, oi tlie whole, 
amount of vapour at 570" F.» A niunber of heavier fiipl-oils, on the 
other hand, rei|uire .stil^ higher teni[)i'rature.s for their complete- 
vapojiiltilion. • 

In isany ea.se.s tlie inix-l,ure,*)t fuel and airls prepaiaaljn a curhiirdtar 
or headed vaiiurixer, in uliieli j^roee.ss the^iir is .sonnitiiMes prUviou.sly 
warmed? tt^ndi iaeditales the iiii.xture of llie fiiel-vapour with the air 
(tlft latter is satllialed (ii a ei-rlain decree wgif vapour ; rf. p. 71). 

(3) Chemical 'I'lie eoinliustild^ coniponent.s of a 

liquid fuel consist e.liieil) of carhuii and In/drogeD, which, in the clffi- 
tillates of crude petroli'uni, amount respeetiveiy to per cent. and. 

Il-14f»r cent* 

The. di,sT4tat(».i*ot coa,1-tar (benzol, cieo.sote, and anthracene oil, etc.) 
show on the eonlrary. about half as liigh^i proportion of hydrogen, 
but a highe;' pere.etihPge ol carbon, and .so the eoin]io.sition*a.s a rule 
contiufis a.bout im pei cent, carbon and d )ier cenl.. hydrogen. 

The proportion of Jiyflrogen in a fuel is often of greatfimpoitain’c, 
as this proportion has shown itself to stand in connection, not only 
with the, nipiiiuimhililji ot the iinaJJmixturi^ol the fuel iitid air,^lut 
also with the ctipahdilij (i/ the furl tiSjivr "jO on linitfi halted. • 

Very wortlir of atlentson are /I’lcp/ic/.’.s ‘ experinieifl*. concerning the 
.ipahility ol a niiniher of lujiiid fuels to give oil vapour and gas on 
bein'.’ heated in closed ve.sscls (calorimeter). The,experiiiicnt.s were 
cai ' led out chielly with regard ti^the Dii'sel motor. All the t.weiity-six 
dilTerenl kinds of luel-oils whii'li wa^e e.xaiiiined were siilimit.ted to tests 
^11 iieli .in erigiiie, and very reiiiai'kahle results were ohtiuned. All the 
distillates of crude |)etroleiini ai*l lignitc.rieli in hydrogen, which were, 
ex.ii'iiiied, showed themselves to be riirployiilAr, whih? the distj^y^s 
"1 Tial-tiw, benzol especially. pro\*:d to be more o^' le.ss dijjicull of 
cm.ihu.sitoii. as tin' engine with these liRler fuels worked with violent 
evplosion shocks, and in a short tiuie grew very dirty. An exception 
to tlds, however, was fjje oil called li(/iiid furl '^—a distillate with 
a high jirojiortion of hydrogen small piopoiTion yl' benzol), obtained 
in Scotland by slow distillalton at a low temiyratiire from canmi coal 
or Boghaul dale. 

The laboratory e.X|eri*neiits showed t haljlie ftirTs riel^in hydii^cu 
(kerosene. Solar oil, Houinanian oif, paralli*i oil, etc.)* alter h?Uing 
been to the greatest pa, tl^vi^rorised in the calorimeter at a rising 
temperature, varying betweJli 75t)“ F. and 930' F., b»gan to disinte- 
grat.e into hydrogen, nicthaiie, afid other gi^ses.* Benzol, on the otho* 
hand, did not show aiy signs of dissocxatioTi, although the pressure 
for this fucl-'A'iis allowed^lo rise to^fctuwich as 100 atm. (1422 lUs. 
pef square inch), corresponding 40^(190° F. , 

Whether a liquic^fuel can be u.sed in an ordinafy Diesel" molor o;^not 

* Z. Ver. deutseft. ^os. 14-10. 

‘ Not to bo confused witk % certain Texas oil of the same name. 
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is, tlierefoi'.e, considered by Kieppe.l to impend, in an essential degree 
on the <fitK-dcv('lnpi^i(f pawcr of the fuel,' Thus, benzol showed itself 
to be pcrfcdh/^inijxinsiblc to use in t he, ni|itor used for the experiments, 

■ although this fuel can be used with advantiyie in an ordinary automo¬ 
bile motor. Ae(/)rding to what has been mentioned hefifro; the 
Ijenzol did n<i,t dismtegr:6e in the ealoiimeter experiments; Jnit, on 
the otli<ii' liaiiid, it. can easil/t’ be vapori.sed in a carburetter antf in the 
‘ motor <'ylin<ler, in which latter it, is aff'erwards ignited by^iehn.s of an 
electric spark. The Rn,xture of air and benzol vajiour snrrounifing 
the spark is there e^tp/ised to an exceedingly liigifi tem))H'ature, which 
bTings about ignition, whereupon the heal, e.xlends,,to*ittie rest of the 
.mixture,' whicl'i in'its turn, begins to burn, lina Diesel mot or, on the 
other hand, the fuel is brought to ignition by the tem^ieralnri‘(about 
'.).‘5tt'' F.), produced by the compression of the aln wj'i'cli render.s 
impossible the, formation j^f such high ignitioii-teniperatures as in an 
' explosion* motor. ^ *' • 

(I) The ,s 7 i('(^//c iiriirili/ of the liipud fuels (liniini.shes. in ^’eneral, 
in jiroporliiAi as Ihe percentage of hytlrogi'n j,ncrea,.ses. and this, in 
accordance with what Inis been syd above, inllnences Ihe elTectivc 
heiMing va«ne of the fue^ J 

tfi) The Jidsliinfi-iKiinl detern/iiies that temperature at which a 
substance begias'to give oil ignilible vapour. Should the vapour of 
a fuel-oil be ignited at this teni|ierature, it will burn at the surface 
without igniting j,he oil itself ; it is not before, the latter has been 
heated to the hurninfj-pODil that I he llpme will be niaintiiined by the oil. 

Herein it is clear we must nfake a dislinclion between results 
obtained by Ijeating in open and in clo.sed ves,selK. The laft.er method^, 
in wtiiidi the dilution of the a,ir and tlin cooling inllnences are excluded, 
_hrjjjjtura.lly tli'e moie correct one, and tests are mostly carried out in 
accordance witlj it in Alicl's apparatus. All figures gi*en bV.low 
refer to tests in clo.sed ve.s,s('is. 

(tt) VixcDuilij. —In.general, a lii|uid fuel, in order t.o be, employable 
in a combustion engine, must not be too vi.si' 0 us, as, in that c.'ase, it 
would be dillicult.for it. to (low tliroifgh the Jiiping and filters. It is 
akso (litticult, then for the fuel-pump t.o ifiea.sij.re off the small amount 
of* oil necessary foj' every working-stroke. Two expejlienl,s aro 
mostly used,,to e.sfiipe frjun the, incoiivenienies mentioned. The first 
one’fliat prenentti itself vi; to illluh' the, tiliiek-flowing oil with another 
one’more thiiwrtlowiim. There is also f.he.r,siethod of imrminci the, oil 
—a method of proceuure wliicli has alreatly proved itself to have good 
fcsults, oven at lowerctcnyieratures. 

Some experiment,s Ifave been made in this matter by the A.-B. 
Diesrh Molorcr (The Diesd 4 '. oliir (to.), Stockholm, •‘'pimg Jt was 
found that an ai^dition of 5 per cent, kerosene (lamp-oil) madfe a 
certain Texas, oil flow much more easily than the .mixing the said fuel 
wfitlr 10 per'cent. of Kqlar oil di^. 

In improving a thick-flowing oib by dilution, with a thm-fl%wing 
one, we have, of course, besides paying regard, to the economical 
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point of view, also to take i^to consideration the flashing-foint of the 
mixture produced. 

The above-mentioned exiffuiments also showed lliatA'ven a moder¬ 
ate warming of tlie oils #'as, in general, snllieit'nt to make the fuels* 
flow •a?ily. without its being necessary to dilute tbun. The warming 
can be,»nosl suitably^'arrie.d (*^l>y the helpT)! (he warn*cooling water 
from ttie engine—a, inel hod of jirocedui'i' \lhich, in iflidition to*l)eing a ^ 
very eheaplone, also conliTs (he advantage of liiniting the highest 
temperature ol llu' od to that of (he warm c(*ofipg water. 

Various Kinds of Liquid Fuel'.^ 

A hj^'ge miii'ber of liipiid fuels of various origin, composit ion, and 
qualities t^'ii e.vannned. and liavi' jiartly come into use for 

piTwer pur])oses. 

Amongst those jin*t employed ari' the distilhtlv-'i of cnnlo ^K'lrofcum,* 
as w'f'H'iis olruhol and ilislilli(lrx*ifli(iiiilr while in ICnghTiid and Scotland 
coal- and slmlc-oih are iir.ed. 

(a) Distillates of'Crude Petroleum. 

■ 

The chief places where eriiile |iT-troleuni is found at ]iresen^ are 
the oil-fields ol Biilu in Hiixma-, those ol PciiKsufilnnii. Ohio, and 
',Vcsl Fin/iiim. in the I'nileil l^>iall■s of Anicnni ; and of Borneo in the 
Ea-'.l huliex. It is found at many more iilaces in liiirojie, too, among 
whn h, the oil-fields id (laliriii aud Jlouiniirmi are f hose best known. 

driiilc pelroleiiiii, or miithlka, which, af. most of the oil-fields, is 
psiially got*by boiiiig, is a thick, greasy, and dirty iiqiiid, with a 
penetrating odour. It consists^if a mi.xiiire of /»/!/«/ hiidroeiirlton.x of 
vai'ii'iis character, which, on being heated, are vaj)or|sed at. viyiigjis 
’en pel attires, it thereby becomes ^lossible. by iiieai* of ihslillinii the 
crude, petroleum, to obtain from them oils ol various comjiosition and 
q;ialitie.s. * 

The disf illates of crinUl pelroleum can. with respect to their specific 
gravity and employment for niTltor pmqioses, be suitably divided into 
thre.e groups, wA.lujhl oi^,iii*liain-hefwy oilx ovdavijhoils, and heavy oih. 

Lfq/d ,Oi/.s. — Sp. gr.^---l)-().5 ()'7(i. The Hushing - point belhw 
70 ° F! ; the boiling-temperature under .'100» F. First »mong *^|ese 
, may be, mentioned [letrol. 

Petrol^ has ,i.specific grS^jti*ranging lietween^l-fiO ami ()'72, and the 

‘ “ I’etrol” is often used as n siimiiuiusiiig e!yires!*iiii for vaiioiis light oiis* 
In the Uniled Kt,at.es. osiieeially, the following turni.s #’e used : 

(.Vuig/ine.— S|i. f?-. rungSlij^tvjeen U'liliO nud O'lnu. 

itoiiiui»poiut ,. nir* h. 

Benzine. —Sp.gr. ., O'liHl) •„ O'lM ^ 

IJoihug-poinl. „ . „ 17^’ „ P. ^ 

Othor authors give the .“^p. of eiiHoliiie*--y’hIK»-()*()57, and value^<liffcrin|!; fiiffll 
more will tee found. {('/■■> for oxamule, 'ufbir 1., page 5.) In the literature, 
“gasouno” is ofton used* for oih whidi, according to tlio abovi*, should reallj^be 
termed “ benzine.” 
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boiling-poilit lies between 158° F. and 2?’)° F.The effective heating ' 
value of petrol is ubuallf stated as being about 18,560 B.T.U. per I'b.; 
the lighter so'ts show somewhat higher figures tfian the heavier ones. 
•The eoinposition is usually 14-16 per eenl» hydrogen and 84-86 per 
cent, carbon. For its complete eoinbiistion, 1 lb. petrol recpiirea, 
theoretically,'about 18,5 ('ubic h'el, air tat H -7 Jlix. and .32" I'^J. In 
order t‘i vapdrise petrol of 3’2' F. initial temperatiiie and at atnio- 
S])herie pressure, there is laupiired ou an average 216 per lb. 

As the speejtic heat. oV vlie Inpiul petrol is about. (I'.b B.T.ll. ])er lb., 
IJb. of petrol at 62'''|ih will dema.iul an amount, of beat fOr its vaporisa- 
t.mn amounting to 2It) ()-5 (62 “.32) -201 B.T.tt.' 

In general.it,he pro])ortion of petrol whieb is o'htained from American 
crude petroleum amount,s to 10-20 per cent., and, fttun llil.iian to 
.5 per cent. ; ItoHiiiaiiitin petroleum gives a .somewluit. lacger pereeut- 
, age ; Sumatra and Jlontr.) oils aie, on the othei- hand, worse. At 
pre.sent ifis rat.ber dillicult to pi()))erlv.satisl’y tile eolo.ssal demand for 
])et.rol, and for t hat rea.son I he oil retineries bavi lati'iv been at tempt ing 
to ]ila,ce the'dieavier (letrol distillates on tlie'nu.'iket on a larger scale. 
Thus, for e.xamiile, the (Jerman lytrol tai tories have been ])usliing 
Aiionapht, Maloiiiijihf. No/anclo.rlii, et.i-. 

Meilium-hcarii Oi/.s.- Sp. gr. ()-76 0-86, Flasliing-point 70"- 
1.58° F. ; boilinS'-'jioint above 300’ F, 

Amongst the mediiim-lieavv oils it. is prineipallv the Hiissiati or 
American paraffin or lamp-oil- m the United States called l-ero.irnc. 
or liiiili-tcxl oil that is used. Vi.scesitv low, l■2-|■.'l al, 6.3"<, and 
thus the oil is very little tliicher than water, 

Ai'coidiiig to I’rote.ssor lini/lcr, there is obtained from the crude 
petroleum from Baku ,32 51 eier cent.'iam|)-oil, but considerably more, 
uiii^ 75 per cent., from the I’eiin.sylvauian. Thus the Knssian crude 
petroleum give.s, after the separiUion of tli," lani|i-oil, an •Important 
remainder, “ Haunt." which is priuc.ipa,liy used as raw material in 
the production of lulu'icants, and as fuel for ordinary tires. liussian 
parafiin has usually a siieeitic gtyyity of 0-,V2-0-8,3; the American oil 
is lighter. Thus,dor e.xample,’the speeifie gravity of Stmiihinl oil ks 
given as 0-81 and of Prinie While as OsHo'. 

' The tlashing-poinV is on an average i)0° F. for Russian pcrallin and 
for otandard oil.< (Vii.ai^i Amerie.air lam[i-oils of low specific 
gravity (belo.v l''•8t)), which have been “tried in conibnst.ion engines, 
show, liowevrt, a considerably lower ^A'shiug-poiiit. The effective 
heating value “for paraflin'‘is usually about 19,(100 B.T.U. per lb. 
'The Russian parafiin As favnewliat riihier in carbon and thus poorer in 
heat than the American, whii'h i= richer in livijrogen. In the evlinder 
ot an oil-engine, therefore, ‘lilt- tornier fuel rtands a high compression. 
better t.lian the latter does. (In ,the other hand, Russian paraffin 
neejls, in general, giUater heating than t he Anieeican in order to be 
vaporised, 

, Hcmn/ Oil.e. —Sp. gr.--0-86 (V9f'. The Hashing-point is u'hually 

140° F.-270° F. 
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The employment otthe I'^avy oils dates, in reality, fresn tlie first 
appearance of the Diesel moAr. 

Solar nil {which must ikiJ he confounded with the, (lerman dis¬ 
tillates of liiinite that soiindcr Ihe .same name) is very lijjht-llowinp;- 
(viscflnity^ 3-5 at 68“ F.). and is in cohnu' nold-hrowfi to hlack-hrown, 
and haansnallv a, specific, ui-a.\4tj' of and an elVelive h(*atiiy^ 

value of I7,l<lil-lh.5(lil B.T.U. per Ih. TU- llasliin^'poifil iisiAlly lies 
between'll*" 270" K. (.-Miel’s lest). 

'T’c.cu.s (kI is more 1 hi.;.k’-llo\\ iu‘„f ili.in StlSj od (vis<'osity varies 
\uu‘y much, h^4ween ,T (i5 at liS" F.), atid is also hef.vier than the lattm. 
It is dark-hro\*i ir hlack in colour. The specificy;ravil.v ollen varies 
hetvvi'cn 0 !)1 and Ott#, and the llasliinn-pomt of llie til lies*hetween 
1.30° anal 270'’”F., whde its ellective lieatinc value raufres hM.wcen 
18^)00 It.T.U. pin- Ih. 

(Ichciini r;,t {Solar oil, etc.) usindly has a sfiecific amvity ol 0-8(i 0-88, 
and,)in elTecIive he.1,tiiTa vafue^if aliont 18,500 B.T.U,per Ilf 

A ’Tinlil-llo'.vim; distillate, “ Krajlof/iii." which appeared in the 
market, some vears af^w, lias heen e.xaniined at the Tcsf iiieMlepartniiuit 
of the Stockholm Technical Uniyersitv. The sjieeiiic Gravity was 
determined at 0-877, the flasliin'Mioint a*l the hiiriiiifj:-p(did.* at 
Ifi.'l-' F. and .‘iOO” F. rcs|)ectivelv. 'The sample was free from w«ler, 
and Ihe elTecIivc lieatinn value was 18,495 B.T.U. piMh. 

Jtnrimo nils have, at the same s|iecilic gravity, a lower viscosit y 
than Texas oil. Thus, for example, a Borneo oH with a specilic 
yracity of 0-949 had a vi.si-osily,of only ti-l. The specific gravity is 
usually ahmit 0-95. On account *d' the ereal. w'cijrht, the water and 
ynjniril ,es arc .se.p.arated very .slowly, Tlic i-olour is a dark-hrown or 
hlack The elfective heatiny value is lo\w‘i- than that of I he Texas oil, 
liim a.houi I7,(i00 B.T.U, per Ih. The Ihisliine-poiut is eenej-ally 
,ill*'r hieh (for one saniyle, l'7ti° F.f. 

(h) Alcohol. 

Urcat etlorts have heen made, especially in (lemiiaiiy and France, 
to increase the prodiiciion *of alcohol for 1,li»' henelit of t he ivitive 
indust.riesyind aiiricult.nre. ||. is mostly potati#s and erain that Hre 
employed a.s raw mate, ini. 

The ordinary melliylatalSjfiril (or (h’.nalnreJ alcohol^ ns«ally coifyuns 
90 volurae-percentaKe of ]luri'*alwiliol, and has^a spefdic Gravity of 
0-834. The chemical composition in w'eiaht-pcrcentafje. of such spirit 
is 43 per cent, carhon, 12 jicr cent. liydroeeB, anti 45 per cent, oxyeenf 
and the effective heatiiic value is ah^nt 10,300 B.T.U. ]ier Ih. 1 Ih. of 
tlie fuel reipure.s, theoretically, ahont '.A, cithic feet air (at 14-7 Ihs. add 
32°' F.) for its complete eomhujtion. 'I’he spiuit permita of the 
employment of Idyl* compre.ssion pre.ssnres (215^ha. per'srpiare. ipisy, 
whcreiiy i^ very yood thermal eHicien»y can he,obtained.* It has also 
the aflvantaee that, in the case Irf the combustion being incomplete, 
it does not give risc»to any unnieasaiit smell. 
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This latter advantage in rejrard to methylated spirits as compared . 
with peti'ol, for exkmplt;, has atti'ii-oted/jinucli attoTition, especially as 
regards automobile motors, but. in mo^t cases the price has been a 
•hindrance to the eniployineut of the former fuel in preference to the 
latter. For tliis I’eason. especially in tJerniany, a mixture oFalcohol 
ajid henzoi Inhs been nseVl for automobile motors, hereby gaining a 
cheapeV fuel,-whicli also more ignilil)le and possesses a greater 
heating vahns As a ruh', the most advanlageous inixtin'' muploycd 
is one of e(pial weighfA spirits and benzol. VVlien the mixture*has 
the last-mentioned,^)vo])ortions. the elfective htating value amounts 
to al)oiit 13,7<)tt B.T.U. ]K‘r lb., i.r. tJn* Inait conlrihut(»d by tfn* spirit 
amounts to liV'ie inon* tlian ‘i7 ]>er cent, of tlk^ total healing value! 
Another carburetting means for st)irils is Erfjui, which'is i)rodj;Ic.ed by 
the tlistilhation of coal-tar and hgnite-tar. * ' 

(c) Distillates of .ygnite. 

From ligviite-tar there have been olitalned, (g^|)e(aaily in (lermany, 
by moans of distillation, oils which bav(' In'en niucli used, for Diesel 
motors Of^pecially. TIh^'^ comm^vjcst are and S<d<(r oils. 

The^specific gravity amounts, in iDnnd iiumlKus, to aboid 0'1)2 for the 
former, and O'tViy for the lattiu'. The efTt'ctive heating value is 17,5(K) 
and 18,000 B.T.U. per lb. respectively. 

{(]) Coal* and,Shale-oils, 

Amongst the nundter of oils in this category wliich aro jnincipally 
used in oil-engines, is the one pro(l,ueed in Kcollaiid from shale— 
Sco ttish shaD-oil”—and benzol. 

This fuel lias, of la/,(i years, lieconii' a rival^ot poti'ol. 
Especially on rlie Continent it lia.s sointtiines been able to re¬ 
place tlie (le.ar petrol, with economical advantage, for use in automo¬ 
bile motors. 

Benzol is jj;ot^ partly from coal-<ar, from which, however, the 
percentape obtained is yery small, and ji.irtly from coke-furnace j^a.s, 
when aboid. (j Ih, of riiw benzol is obtained jxn- ?,(in of coal. The specific 
grj^ity of the f*‘l' usually lies between (1-882 and ()-88r)i and the 
boKiiig-poinf of the greijter nuiiAier of its component parts is below 
175*' E. The Jnel is completely vaporj.ed..1, about 250" E. Hs effec¬ 
tive heating-vijjiie is*al)out,17,l0(l B.T.¥. |)er lb. 
g As benzol ' is a disf.illate of coal* its carbon percentage is higher, 
but its percentage of hyiVrogc-n lower, than is tlie ease witli petrol. 
Qn account of Ix-nzol i)eii;g^, .liparatively 'poor in volatile hydro¬ 
carbons, the combustion-air is more difficult to ('iirieh with this fuel 
than wiEi patrol. ‘ (fiee p. 58.) Another inconvenience in respect to 
thif fuel is What it solidifies whey it ri'aches a temperafiire of 32° F. 

■ * Chcmifally pure lieii/.nl is, in contrasl (n jK-troI, ft fully definite chemical 
,!ompound, with the formula C^Hj. 
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Supported by the. pxix'wencp iilroiidy eiiined in ninhing anlo- 
moliile motors with Ixuizoi, fun fuel .si'oma, 811 wliole, to be pre¬ 
ferable to alcoliol, at least so'long a.s l.he latter is not produced from 
cheaper raw inateriul tliii» it is at pre.seril. 

Sli<d(‘-(>il. A liglitdlowing nil with high "lieatiiig value has 
been ipodneed tioni,Swedi,sli*ijliini .slate, a8d the Dirh'l Motor Cot, 
Stockholm, lias tried this oil 111 one of it.s Ul 11 .II.I', eliglftes. 

The .spi^ilie gravity ol the fuel was Oti'.IT, the lliisbing-point was 
l.'ltr’ |i'., and It lm.d an ellei t i \ ■■ liea.1 iiig \ a I lie*'8,17, Its? Il.T.U. per lb. 
Its coniposit^tn was ? 

(all bon . . C d 7 ',S(l«po*'^eent.' 

•Hydroge.n II ll-OO 

,Siil|rlyii S 1-2(1 

Ash 0-(l2 

eoiiibii.stion was "ood.and the eonsiiniption 08 fuel low, being 
about I'.MI gi'.iinnies pi^- li.ll.l’. (inetr.) |)ei' lioiii —II»I2,0 lb. per* 
British B II.I’ per hour. 
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PRO jUCERS WITH ACCESSORIES : GENERAL 
PRINCIPLES OF DESIGN. 

(«) The Producer. 

This corvsisfs, in "('lu'i'al, ol tli(‘ \Mtli utal(‘, firc- 

atul asli-[)it (loni's, t\\v slni/l oy /iiyiKirr, wliiclt is IiihmI v\ itli iii’o-bricks ; 
niul tile w/J/ar purl wil.li l-lie ((/i/OTralHs, ihv fiiel-aiiitdiiicr, a.i)(l 

till'wipori.OT.’ 1 

rill' hiisr isp'.i'Mi'i'MlIy ciin.slnicleil nf rastavoii anil, in the case ol, 
stnaller pmilni'i'is, is olten ea-sl in oiii' pii'i'e aliiny with the 
Cdxiiifi (lips 2L' a.nil Itlj). 

The axh-ptl is usually lioundeil at the liiittinn hy a liasin-shaped 
hottoni east, in nne pieee with I’li base, a,nd intended to receive 
the eondensatioii-water which is sepaaiited froni the nicxture of air 
and steam, ‘'.iiid often for the warm overflow water from the 
vaporiser (lip.vIK). The. water is kept eonstantly at the same level 
bT'’'the hel]) ol an overllow pipe and serves to i|nene!i pdoiwinp 
clinker and coat, which, esperially durinp t'.ie removal of the clinker, 
very easily falls down from the prate. By t.liis means the, too 
early bnrninp of the prate by means of radiant heat from beneath 
is prevented; the niLVlure of air andi steam is not warmed nnnccea- 
sarily, and this further contributes to j’roteet the prate and pirder- 
iuon'tl, at t.he same time that the formation of liipiid elinker i.s thereby 
aetively ])revent( I. 

..'■'he /ire-door is, as a'rule, omitted in the ease of .small producers, 
from wliie.li, in .surh a ease, the clinki'o i.s rnnoveil tlironph the opened 
axh-jtil door. The 'ippcr edge of the frame of the door then lies at 
Hueh n heipht above the prate that tke iatter, a.s well as the ash-pit, are 
easily aecessible when it^ is wished to remove the ehnker and ashes 
(figs. 22 and 2d). The fre^eiiwii'i.-om clinker in larpe jiroducens i,s con¬ 
siderably fa-cilitateil by arranpiiig cleanitiip-holes directly oppesitc 
to eacliiothcr. ^ 

, "Tlic (jralc is, in peneral, constructed as a horizontal grate with 

I 'L'lus is siiinet,lines iirranped in the iniineiliate ni'ipiri)ourhoi.i(l of tUo producer 
(tubular vaporiser). 



rRonrcERS with vicrEssoRiHR. 57 

J-inoh to |-inch iiir-sjjfices between the fire-bars, according to the size 
of'the fuel. Small coal or d^st-ooal cannot IR; adfautageously gasified 
on an ordinary horizontal grate, which in such a case ehould be con¬ 
structed as a basket-shanfd grate or step-grate. 

TihP (Iralc-arca can be nnulc sinaller foi- a producer than for a boiler, 
a.s in the loriner ca^e the, c«n^ibnstion nectl not be (•onijdctc. TJie 
often .small piu'cenlage of iisli in flic fna's employed 401’ piVdncer.s, 
to^jetlicr with tin' artificial dranglil with which they burn, contributes 
to make a luilliei rciinclion m the size id' il»(i grate-area allowable. 
Fnriher, jl iji'plain lluit flic di'leiMiiiialion cd Ihc’grate-area necessaj^ 
for a prodncei'is i»(d. of f.he same iin))Ortance for tile economical utilisa¬ 
tion of fhe fuel as i.'#the case wilh the dimensions ofgthe grate for a 
boiler. » Thii.s i,he necessary (|uanlities of air are measured onf in the 
cage of a si»tioti-ga.s installation, almost independently of the .size of 
the grate or the height of the charge, and •nainly hy tin- more, or le.ss, 
jcoi^jeifnl sucrioii nf fhe pi.stijn, according as the l^iad intircases or 
decrcSsos. A small-sized grate, if is true, gives ri.si* f.o greafei resist-, 
ance to the mixfurc* otaif and sleam, and also causes it 1<Tstir'am with 
greater K|ieed through the layers of eoal lying nearcsl (o the graii' l.lian 
is ordinarily the ease, wheridiy lheytind)nsti(»n zone and 1lfl‘ reduction 
zom may verv easily move iijiwanm ; these inconveniences, however 
will prohably not make themselves observed nnl7^ there is great 
'deviation from the oi'dinary condition of Ihiiigs, if good fuel is u.sed. 
For practical reasons, the grate-area should also he suil.eil t.o the 
crc" .sectional area of the shaft,,wj|ie,h hitter area is, in a certain degree, 
dejii iident on the fuel ciipaeity of the producer. 

, h'he, grafe-iirea of a siietioii-gas producer iiiav be eljo.sen in agree- 
ineiit witli the values given belitw ; 

l’"r square foot of grate-area per hour can he gasified 17112 Ih.s, 
an *irio * or H-b llis. b^).iiminons ifoal. 

y'h ,ing use of tlie.se figures, the weight of fuel to he. ga.silied 

per li/ .lid be ealeiilatei! on t he mieil. power of the engine (c). 

p. .le larger arci needed with hitiiminoiis eoal depends oil 

she If aiiiouni of ash in fiTis case, and the loMmitioii of clinker, 
wide., heeonies fii.sed ly. hig^li temperatures aflid renders impossible a 
proper maintenance of the fire-bed. In large*pir)dneers especially 
the difficulties in 3tokin,g»are much percaseA. 

The eomhiistion-air is infriidueed under <lie graV through ajiipe 
leading into i.lie ash-pit, wlgcli pipe .sometime^, in sltmll producers, 
is either bent downwards or is cut off i*lilii|uely for'tlie purpose of 
obtaining a more even distribution of the,alr f under larger grates* 
however, the air slioii^d he distriijjtted either by means of several 
inlets, 01 by using speeial,spray-pipes.' * 

'As we liave already nientionec^ the shaft-casing is soinetmie.s ca.st 
in one piece with tli» tiase. As a rule, however, Ac easing is a separate 
piece scrq,wed on to the base, which l*ttcr is tlipn often jitovided with 
a brdftd flange going inwards, toVhioh the easing and the girder-irons 
are secured. The flange also swves as a bed for the fire-hrick lining of 
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the shaft. 'This consists of fireproof material,,either in the form of 
radial bricks (for lifrge Efnafts), or tong«f;d and grooved interJoclred 
segments (fig. >18). The brickwork is often not carried directly by the 
■flange, but by an intermediate ring of firejyoof ca.5t-iroii. The ring, 
which is exposed'to great heat, should be made in parts, in o^der to 
be easily renio'.’idde throdgh the doorfj.' Very otleii, too, it supports 
^ the coitical part'of the shaft (fig. 18), which forms the transition 
part between I lie grate and the fiirnixce. Tn order to facilitate the 
repair of (he prodigVi'body, (he eoiie is usually built U|) as a 
senarate part. ' . ‘ , 

The miss-saiioiiM area of the ])i'odueer-shaft is often made- larger 
than the gratnrhrea, e.sjiecially in large producirs, in order that the 
• sliaft, for an assumed fnel-ca]iacity, shall no(, be .toO high.* When 
small anthracite (peai-ls) is gasified, (he area shoultl be somewhat 
.enlarged, in order to avoi;l too great suction resistance. The fuel 
contained in thy .sliaft holds, in accordance with 'what baa been "aid 
.previously, a supply of free and latent heat which is drawn on Tluring 
tlie gasification of the fuel, and which is an active means of avoiding 
great variations in the comjiosition of the gas at varying loads. 
In .^grecinelit herewith, p oducers'“'ll' /’hcIs poorer in heal, siudi as c-okc, 
lignb.e, jieat, etc., are provided with larger shafts than co-nvsponding 
producers for aVithracite, wheridn it is, of cour.se, the amount of heat 
given per mlutne-anil of the fuel that determines the volume of the 
shaft. 

For the same reason, large-sized,fpid should be gasified in a larger 
.shaft than small-sized fuel of similar com|Kisilion, in .addition to which, 
on (leterminiiig (he height, of the .shaft, it. is necessary to take intq, 
consideration t.he permisxihleA-harffnujhleplh of the fuel, which indicates 
to wdiat height the fuel may be .stored up in a prodnecr-shaft without 
making the resistance, on tiie s^uctfon-in of tlie air, too great.. The*air, 
however, as well as unreduced carbon dioxide, often )iasse,s unhindered 
along through small fuel, wliieli, in agreement with what has been said, 
presuiiposes a low charging-deptli. On th'i account, a rather'high 
fuel-column niu.st be used, in sjiite of the re.sistancc caused. The same 
hcdd.v good, too, of thf* fuels mentioned in the preceding pages, the 
physical qualities,of Uhieh prevent the maintenance, of an undisturbed 
gilhjification yc/i p. 10). . 

.011 the upper part of the shaft caii diso be noticed the gas-outlet, 
which, in ordi*! to prevent an uneven bi|rning of the producer ]iroper, 
is .sometimes ii'iade as a sejiarate part, consisting of an obliquely cut 
Vipe of firejiroof mato.-ial (figs. 22 anci 23). 

As regards the area of the ga^^pallet, the, following figure.s may suit. 
general conditions : Suppos'e 8u cubic, feet g.^s at 32° F, to be generated 
per poiyid of anthracite (see p. ,22), and the temperature of "the 
escaping gas ~ 87.h' F. (see p. 16). The volvme. of the ga,s per 

pound of anthracite at'875° F. will then be 80 =r*2]8vcubic 

491-4 

feet. Allowing a meap gas-velocity ck’ 30 feet pel- second, the area of 
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ttf gas-outlet ill .sijuare ini^Les per pound of anthracite "gasified per 
hour, will be 

2]«v.i.j-( 

‘iOOO \30 sc|uai e inches per pound 

of aiit-llracite gasifieil per hoirr» 

In producers for bituiiiiiioivs fuel, the "gas will leave" the producer i 
at^ highef tempera I lire, which should call lor a larger area. This is, 
however, eoiiiil eracted by I lie voliiiiie of ga? ge|jerated per pound of 
coal being sstaller. • 

Finally, the .sfiai'c between I he casing and tlic.liiiing of the shaft 
is filled with a lieat-iSolating snb.stance, for example, fimu'rul jvool or 
sand. 

tThe cliari/iHfi npjnirtdas of a suction-gas jirodiicer usually con.sists 
of a. iicl-Ziopp,'.-, pim|ded willi a lastenliif' towgrd.s the, interior of« 
ihe p'jKlucer (lig. iTl), wherebi* the charging can take»[ilaee during the 
operation without anv syeat amount of air necessarily joining down" 
into the prodiicer-sha.fl and there niixing with the gas, which, in that 
case, could easily ociarsion danger-iiis, explosive combustii^i.s, in addi¬ 
tion to impaiied com])osition ol tineas. TW'. closing of the ajiparatus 
is most usually earriisl out by means of a chat'iftnif vglvi'. and a hopper 
cover. The mill’ di.v. of the foriner is moved by the lielji of a lever 
provided with a coiinterweight, and the whole is in such a way balanced 
thai. when fuel is being put into t he hopper, the valve keeps closed by 
itsill. When the hojiper is lill«d#vith fuel up to the edge, the cover 
IS put on, ayd the charge is then let down by moving the lever alter- 
«aiely up and down. 

The charging valve is also made in tile form ol a ridarij valve or a 
IuIl I’filve (lig III), etc,; I he host-named, however, is only used with 
null procfticers. In (hi»case of the Ust-nientioiied •producers there 
is .souietiircs entirely omitted, amongst other things, the low'er clo.siiig 
d-, vice (Koerting’s jiroducer, ohici type, figs. 22 and 2.‘i). In order, in 
such cas's, to previnit tl» enVance, of air into the producer during 
the process of c.harging, it ii^ usual to make ii.se of Idgh fuel-hoppers, 
together with high fiic^contaiiiers. In s]iite of tiiis, however, ft has 
proved thftt, during the charging, the air manages l« penetrate down¬ 
wards to such an exteiil Unit it lia.Siacted iifiurioiislv on*the ijwUity 
of the gas. If, ill addition, fo(i long a dela/in ehargjjift is made* for 
one reason or unotlier, the, i#iiianiiiig low eoluiftn of Jnel ofl'ers only 
a slight resistance to I lie air vjhich is fhreing its way dowifwards^ 
and this might, in a short lime, give rise to oKjdo^ive mixtures. These 
would then easily cateh fire from ftil'" Incandescent coal, and would 
buiyi explosively, with Humes shooting out from the producer. On 
this account, the double fastcningti.s preferable to the si»igle.one just 
named. 

In-order more easily to be able fb free tht generator-shaft from 
clinker which has burned fast to the walls, it should be possible for 
the hopper to be elsily turned to the side, or to be turned upside 
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down (figs. 24 and ^26); the. poker can rthen he very easily put in 
through the large and convenient opcnillg thus made accessible in 
the upper part, and the liih-kwork examined. This requirement is 
hot, of course, neces.sary in tine ca.so oi tlu' fuel-hoppers, which arc 
provid('d w’ith slide valves. '' 

' The^fuel w^liich has been let dowpcollects ,hi Ihc fucl-c(fli,lamir 
before nie.ntiohed, in which'ut. i.s p.artly both distilled and pre-heated 
(fig. 25). In order to iiierease the uniouiit of heal obtained, the 
container is often jirokniUed dowiiwanl.s, and so is snrrouiubnl liy the 
ef"aping hot gas (tigs; 22 and 2.5). The lengthened pati, whieli is a 
separate .piece, 1 hereby determines tlie eharging-deptfli ifi the producer- 
shaft, ijnd .so ifiterations of the said |iari.. on elfanging from oi|e fuel 
to another, can easily be made. For example, bv slioi'i.ei'ing the 
lower part of the container, anthracite produceis ea'n Ite altereiK.to 
•producers for coke, with tllv greater dejith ot ch,arge and fuel-capacity 
necessary for flat fuel. I’roducers w'llh |)an-va'jKjriseis bnilj,,into 
■the, upper parts are seldom |irovided \vit(i adjustable containers; 
the lower edge of the pan then usually deleriuincs the dejith of the 
chayge. an(| the fuel-container is tlnni often arranged within the, circular 
pan-vaporiser (fig. 18), U.' someti^Jes in an extra container arranged 
above, the hitter/fig. lit). 

Finally, a, high fuel-container contributes very effect ividy to 
diminishing the alterations in the composition of the, gas, which 
accompany every charging (</. p. 19). 

{!>) The Vaporiser. 

As we have, mentioned b( fore, in Vhe case of a, suction-gas jilant, 
the formation of steam takes place, as a rule, in vacuum, in a so-called 
vaporiser, which is heated by ,the''warinlh finin the escapihg gas, A 
distinction is made in respect to the placing ot the ajiparatiis between 
a vaporiser built in one piece with the producer (fig.s. 18 and 19) and an 
independent vaporiser (fig. 22). 

Those belongiiVg to the, toriiier class, which are used principally 
W'if.h'smaller and medihin-sized producers, ace placed in the upper 
part of the produ/'er' and consist, in general, of covered, ring-shaped 
casl-iron pahs with coiicc'olricallyyaised bott'oms, which latter measure 
contributes t!l t-lie increilse of the hea(lilg surface. This form of the 
apparatus has‘given r’se to the name pa^-vaporiser. By being placed 
in the upper paid of the profliicer, tlip heal.ing surface is exposed both 
'to the warm gas thrfc passes off and to the radiant heat beneath. 
Tlie supply of water, regulate!^,h-y means of ,a cock or a valve, runs 
down through a short feed-pip‘e. provided w.'th a collecting funnel to 
the vaporiser (fig.'iSj, in which tha water is kept at a constant level 
by means oLan overilow pipe. The lukewarm overflow water runs 
off visibly, so that the amount aiid temperature can easily be controlled. 
On the cover, which can easily be removed, we also notice the air- 
intake (figs. 19 and 20), ,and—usually Exactly opposite to the former— 
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the outlet for the mixtjire o/Mtr and steam. The mixture-is then led 
down to the ash-pit by meal's of an outer pi"f)e (f^e 18). 

The air whicli lias been .sueked in passe.s alonj; elose«to the surface 
of the vapori.ser-wliter of^iliout 175 ’ F., ami thereby beeouies heated.' 
The«iAxing ol the combustioii-air with the steam take.s jilaoe in this 
cas(' nieaiis of Ijie eva.p»ratiou ol tiie*watei' in t*lie heated air, 
whose power of absorbin'.; .steam rapidU'jnereases Vith the iViupera- 
tiire.^lf ii is pre-siipjioseil il'at Ihe air, duriiii; i(s pas.sa;;e throuf'h 
the apparatus, re.illv has lime to become tiftpral.ed with steam to 
a deitiee eo|(ie.spoTiihny to the lempeial.ui'e of Ihe vapori.ser-watm;, 
then the linai |n'o|iortioii ol steam loi lemj)er.ltiiies between 100“ 
and 195’ F. would vi*y between 0't!7.5 and i-lt! Ills, ifwam jier [lound 
of ail, '*011 espondiiiy to about 1! to 111 Ib.s. .steam pi'r pound ol liiel; 
wijile, oii*Uie ctiTier hand, expelleiiee from eeoiiom'.eally worknie an- 

I. iiraeile and eoLe-prodiieers eieaiiy show.'»a serviceable consuniptioif 
ol watei in the lapoTiser of ijnly ll-.'J to O-T lb. 'up yi, e.xe^plioiially, 

I lb.*'file leasoii why it is eoiisideied uiiadvisable to inerea.se lliq 
propoitioii ol Ihe iiii*lirie iiienlioiied is explained farther on. With 
respect to Ihe hisses caused by cooline and the lowi'iiiie of jire.ssure. in 
the pipiii", etc., it IS eleaily t hcMiiulitioik ol Ihe mtxhU'e belaS the. 
i/rale. which alone deteriimies the idlil aiiioiinl of the steam iiitrodteed. 

From whal has been said, it lollows that the pr?i»liictioii-capaeity 
of the vajioiiscr depends, in a liiyh de;;ree, on t he tempi-rature of the 
he.'ited water, 'rims, an increa.se in temperature of only a few 
(bviees briiiys about a iioli^wurthy inerease ol the proportion 
borne liv the steam In the air in tffe mixture of tin- two. 'I'his render.' 
f possdile Ti reeiilali' the amount of steam in a simji^' manner, viz, 
iiieM-ly hy an alteration in tin* supply *>l water. If for example, it 
p.aees that the 'mixtare-j/roj/orllon, steam to aer, aaijlf to he increased, 

II, < ‘sapplif of mater is liijiiiiiishcil ;*if. on the oilier hiyal. Ihe, siijiply of 
tin ! tiler is inereased Ihe iirojiortian diminishes, for tlie laree amount of 
eold water, which, in the latter ca.se, comes into the vaporiser, cools 
the ttafei (here until a tyiipeiatuie has been al.tuiiied cotTes|i()iidiug 
to the aiiioiiiit ol stea.m iiecITcd, while the supenlluou.s heat passes 
away wilh the ovcrll<*w w?it-ev. 

Jf tlie*.siipply of water is 1ix“d, there are, however, (ircsiijipositAnB 
for the mixtiii e-proiKii titm which I lien ai’isi»i. to remain firetty ne.wly 
unehanged, even when t he hiad o^ the engine is altered ; for for 
exam|ile, the load is imreaseil, the development of ^as will inerease 
actively, the lemperature of the gas vvilUrise, and, w^th this,.that of 
the vaporiser-water- i.e., I he i/reTilcr a inount^f ai 4 sueked l/iroufih is given 
the possibility af ahsurhiny a eor^simidiny amount of steam. The 
accuracy with which tips antomat.i.*. ri’gnlatioii really takes pldce 
depends, too, on a number of inci|lculable factors,.whicli have respect 
to the dimensions pxiid shape of the apparatus, its position in the 
generator, the manner in which thetload altipis, the tollil volume of 
the ftther apparatus of the pinducer plant, etc. Thus, a heading 
surface of the form which istusually given to pan-vaporisers is not 
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very effee.tive; and, as it, is only incompk-tely passed over by tbe ^as 
which has its oullcS at ttlie side, it is ea»y to pei’oeivc, the difficulties 
attending such an apparatus with ip.sjicct to its power of adaptability 
to varying loads. 

Amongst the nihdniaijrs of ihe pan-vaporiser may be mefitiined 
finally, to liegai with, a rf.tlier .small sixe and a ^simple constwaction, 
which (V.mfer the fulvantage^of great eheajiness, accompanied by great 

acce.sBiljilitrj^ iu the 
cleaning of the in- 
tt rior, arifl for inspec¬ 
tion*, and, finally, the 
(.imjile care that is 
nece.ssary. hV'oni the 
])oint*of f.’i’ew ol re¬ 
liability in working, 
Viii’l he other hand,Jhe 
eriticisni imfy be 
jnade, that a crack 
in the pan, arising 
through unequal 
expansion of tlie cast- 
iron caused by heat¬ 
ing, may easily bring 
about a stopjiagc in 
the working, as this 
has really been occa¬ 
sioned by‘ t he cause^ 
mentioned. 

The va]iorisers be¬ 
longing t,o the second 
class are usually con¬ 
structed in the form 
of tnfiular vapoi'isers. 

h'igs. 1.3-1,') illus- 
, tratc such a vaporiser 
of Koertin,g's con¬ 
struction, and they 
show’ that the appara- 
t us has a great re.sein- 
blance to an ordinary‘pre-heater. The nkst of tubes, which can freely 
expand during the wo(kinj>, is thus pA.ssed through by the gas in the 
direction from above downward,Sj^ while the water circulates around 
the, tubes in counter-streami 

The tubular vaporiser, with its very effective heating surface, 
makes it'posSiible that, the automatic regulation, of the amount of 
va'pour, aftei> a rise or fall in th;“ temperature of the gas, takes place 
more quickly than in tRe pan-vaporirer. But regulation by hahd of 
the amount of vaporiser-water is requi^;fid here too. 
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Certain criticisms i;an be^mado respecting the tubular .vaporisers. 
First, the cost of purchase and of upkeep, a# wolf as the demand for 
space, ate, of course, greatei- (lian in the case of j^n-vapmisers. 
Then, too, the cleaning, ii^dudiiig a.s it does the sweeping of the fiibe.s 
and liftr being scraped free from incrustations, is uomewhat trouble¬ 
some (Ml account olj their iiwceessibility, «speeia!ly ds regards t^jc 
part of the work last mentioneif. The leaking of thh tuJies, o(V’uri'ing 
everyJjow Mild then, ought not'to lie any real hindrance to the future 
use*of this apparatus, as such accidents are ^ip^hahly mostly derived 
from faults the design or manufacture, and ,afe also the result oj 
carelessness {s^ioM.ness of water, “ going dry ”). All these incon¬ 
veniences ap}ie.ar, of c»urse, to he greater in the caJe (d^snlall^r plants 
than ol Jarger ones in which tubular vaporisers are very niucH used. 
Thii limit ofctlu*size of suction-gas jilants which are furnished with 
pan-va]iorisers seems, for the pri'sent, to*he I'tniched at about 10(t^ 
H.P. per producer.* 'i'lie limit j to the employmelit o^ the l;*tlpr kind 
of vaporisers seem, in the lirst place, to liave aiisen m consei|uence, 
of thedifliciilties which, iMien we take into account the snfall clticiency 
of pau-va.pnris(‘rs, are a hindrance to tin' attainment of the highest 
possible heat-economy in tlic casijlol larg(|,r plants. In* a tubRlar 
vaporiser, on the other hand, then* can he found place without •any 
difficulty for a heating surface sufficiently large to Easily satisfy the 
t^m re(]uirements of an economically ojierating producer. 

'The necessity of a nioie e.xact regulation of the supply of steam 
than the automatic regulation described above for the jiiin- and 
tubular vaporisers has, fiowever, given rise to new methods in this 
^i.uicl). . 

Among these, jirnctical emplsynient liiis been found for the method 
of cnd(.*avouring to measure off exactly, by a mechanical method, 
t h.itRaiiioimt of waiter wli^ch is requA'ed for the occasirjii and, tlm next 
mini.tc, to transform the same into vapour. Vaporisers of this kind 
are usual'y characterised by Ihc employment of an automatic feecT- 
watei*i'e'',ulator, which—u^cr the influence of t-he increase of vacuum 
wliich periodically returns for*e.very suction strok* cif the engine 
measures off certain am%unts*of water, which ran down into a vapijriser 
without nater-space, projecting deep down hftm^ the upper part 
■of the producer, in wliiiji vaporiser the n'§fer is transformed into 
steam. The combuslion-air, which is often pr»-heated,streams through 
the apparatus and mixes wit.fi the steam, aft(jf whkh the greatly 
heated mixture of air and steam is led iii the usual •Kny under th(' 
grate. On p. 91 we find this nicThod of re.<ydation further dcscribedi 
in connection with the Nyilqvid d- Jlolni producers. 

The vacuum, which'varies with toe Irmd, acts, in most m.stances, 
on a piston or diaphragm, which controls the reitulation-imlve for 
the water (fig. 26)., The water is thus measuwd out m quantities 
approximately proportional to the vicuum mentioned, o* which tne 
amoutSt of air sucked into the producer in the first place depencls. 
It should therefore be possible to obtain a mixture of steam and air 
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of almost constant composition if the suction ^pacc of the apparatus 
is jiiit in coniU'clifAi with some suitahl/part of the producer plant. 
The vaporiser,itself, or the air pre-heater, must naturally he considered 
as siudi a part in the host place, as it is t,he ditfcrence hetwecn the, 
alniospherie, pi'es.vure and (he [iressiire prevailin” in the .saiA rppa- 
ujtus that ehi'lly deterinines (fie amoinit of air (hat enters (ihe pro¬ 
ducer I7ir I hi'AnoMent. 

The said ditfcrence in |iiessure,' and its periodieat. variations 
especiallv, aie, tioweye.* all Ion small to |ieriiiit of a ;;ood regulation 
by (he helji of the' above-named a|ipara(us. 'P'or timt reason the 
regiilaior is usually put into eonneclion with that part of (he yas- 
pipimr ifhieh iii'arest to the eueine, where the suction inliuence of 
(lie latter can be fell wilh nearly unaltered strenetb. Bill, %ilh such 
an arraneement, if. is clear that the apparatus will reyt.laii file aimninl 
ol water rather in a^ieement wilh the load of the eneine for the 
niomeni •{suetKill aihioii), Ilian in accordance‘wildi the dilferenee in 
pressure just mentioned, on the amount ol which the (|uantit>^of air 
supplied chiVtIy depends, however. 

The arraiieements jiisl, menlioned will make the re<;ulation de- 
peftdonl If. a eerlain dej'i'ee on Ijfe suction resistances in the plant, 
whh'h can sometimes present fliirly eroat fluctuations, especially 
in eonse(|ueiieiv.*ol the formation of eliiiki'r in tlie producer and of 
deposits in the cleaniiif; apparatus. It is evident that, under such 
circumstances, (he eneine exercises a comparatively more powerful 
suction^ and that the sii|iply of water may then become too farce 
unless the lift of the valve is diiiiinisheJ by band. Jii tlie case of an 
installation that is well cared for, however, tliese iiieonveiiieucep 
need not at all occur. But tl>e teiiflcucy to reeiilate too soon, however, 
will always reiliaiii as an inconvimieiice with this arraiifieiiient. 

After tlie dj’seriptioii and eXaniiiiation^of the aliovivmciitibned 
three eommoiiesi, inef-hods for* inixiii^ tlie eombustion-air with steam, 
A'e may give a short account of the cliief points of view that sliould 
determine tlie amount of tlie steam fo bi-, iiitrodiieed. l'liesi» are : 
llie ccoHoiitij of liiK^jax plant, Us rdiahitdji in operation and Us care, and 
the rj^liahility of tin eiw/iiie. 

* The elficieiiey ofvi jiroducer is, as we liavc seen by vvlint has been 
s#id lieforcifp. fli), iu(*-eased by tlie addition of steam, and this 
slihvT'ed itself to. lie espitcially the ease ‘.vheii the greater part of the 
free heat of thf gas ui'odiiced was utilised for the production of steam. 
The liniit of ediis utilisatien—regard facing paid exclusively to the 
•gas plant—is, usually, t(jc circumstance that tlie producer, in the 
event of its receiving an all-too nlentiful sumily of steam, can be .so 
far cooled that tlie carliou* dimfule passes pff in great quantities un¬ 
reduced, and that; a great part of ^the steam begins to leave the pro¬ 
ducer ufidecomposed. As far as these hmits, t^he efficiency of the 
]froducer lEiually increases with the increasing amount of steam, 
although not at the same rate at the close as at the beginning of 
the addition of the steam. 
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The following expgrimei^s by I'rofo.ssor Josae with a 150-11.1’. 
Deutz suctioM-itas plant may be here fiiveii a.s'a fiifod examiile of how 
the efficiency (leponihs on the amount of sle.im.' Tima eoinjiarative 
tests were made, viz. one »ith a scanty, and (lie oilier with a plentiful 
addition of steam. In Ihe one case. thi‘ amount df sleam came to 
about W-IS lb, |ier lb, an(hiiK'il|‘ ; in the other case, to'aboiit (1-721U. 
Tlie change in Ihe amount added v\as bj-oayht alioiiT iidtiie oi^linaTy 
wav, ijlreaiiv descnlied (p. 71). In Table XI are yireiithe heat- 
balances, together wi(h Ihe jie'centaye coih|fusition of I he yas on 
both occasiojw. 


Tabi.e XI. 


lUi'f-hii/anct oj 
Piodncer. 


1 Auiomil of heal -supplied 2>cr houi.^ 
1 of fuel X eft. hoaiin;; i 

^ value.^ 

1 i 

: Jlcal liikiil in the f/UA. ! 

V'oiglit of gas X elT. lidaling 
all e .• . . .4 . ; 

Lo-sSts, 

J'’ioo heat of t!io gas passing oiT 
l-flcr vfjporiser) » 

1 Jlexfc carried away amUi waste 
f 'vater from the vaporiser 
j lloiiy^inder (conduetion, radia- 
' tion, 


Te.-sl mill seailt\ 
addition nl ^teani^ 


J! '1’ V. 
pel hour. 1 

i* ■ 

* 1 

I'er 

cent 

-W - 

i 


IDU 

! 


i 

82*6 

j 

2i,s^h) 

! 

i 

1 n 


1 '4-5 


j 11 0 


; 'I'esl M it il })leutltul 

adflition oi iSteam. 

» 

: n.'wt'. i ivr 

i per Innir. I cent. 

! j 

I 

1 , 71 ( 1,2110 I lOU 
1 , 440,400 86-2 

•JO,000 ri 

2 ( 1,000 1'7 

iH 2 ,ioo no 


• ' 

Cum^jo.sifinti of thr flaiy. 

Volume, per cent# 

Volume, poi cenT. 

• 

Carbou dioxide 

ca,» 

1-5 

4-7 

Carbon monoxide 

. (.'i* 

:n-i) 

27-4 

Oxygon . 

. o 


0-4, 

Hydrogen 

. il 

• 12-4. 

18’5 

Methane . 

. CH, 

0'5* 


Nitrogen . 

N 

54-p 

4b-() 

Estimated oil. boatijjg 

value 

1451) 

• 

• • 

147-2 

• 


* E. JosBc, NeueretViirmekraftmMchinen, 1005 
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In tlio lormcr ^ease, tlio temperature qf the vaporiser-water 
amounted on an aVerage to 180'’ K.; in tlic latter ease, by limiting 
tbe supply of water, the temperature was increased to 200° F., and 
so it folloWiS, in aecordanet', with what has lii>eu previously said {p. 71), 
that, with liii.s In'gher temper-,ituie, there, i,s also a gi-eater efirfching 
gf the air witlh steam. H’he better ujiHsation o/ the free heat of the 
gas in fdie latter 6ase i.s al.soi cleai ly e,\-])ressed in the dillerenee betw'een 
the amount.s of heat carried off by the waste w^ater, which anir»iid, to 
4-5 and 1-7 per cent. rySfA'ctively, of the whole amount of heat supplied, 
^s is seen by the'tgble, it was just the dimitlution •in the above- 
mentioned losse.s w'hieh, almost entii-eiy, brought alAiuf the ituTcase of 
the ellicieney ti'om'82-6 to 86-2 ])er cent., iirovmji t he utility of utilising 
the free heat of the gas t o a great.er aimumt. 

Attention has .already been sevei-al times dii'ei-IiM t(f the favsur- 
able elleet that a rich ruldition ol steam has on the reliability of 
working,* and tjie e'ai'<‘ of a semi-wa(j'r gas ]^aln, especially in the 
ease of elinkei-ing coal. ' 

If, on the other hand, respect la- paid*toithe reliability of the 
engine—and especially when producer gas of varying compo.sition i.s 
cufployed—then, of the 4 onibust Wle components of the gas, hydrogen 
is fcund to be the one which mosa easily jirodiiecs irregular working, 
for the ignitibkfty ol the gas depends, m a very high ilegree, on the 
percentage of hydrogen, with which, other conditions being equal, 
it rapidly increases. As, in addition, the gas-engines ol the present 
day, fo,r economical purposes, wjirlj wit.li very high compression, 
thereby intensely heating the charge, the necessity is seen of so far 
restricting thy percentage of hydrogen in the gas that there will bg 
no danger of the ignition-tivnperatufe being exceeded, i.e. that pre- 
•igniiionfi can lib avoided with certainty. For example, for the reason 
just given, the .latter of the two tdsts just mn'itioned had t<t be cai’ried 
out W'ith a load of only 73 iier cent, of the full power of the engine, 
as the gas, which contained as mui-h as 18*5 per cent, of hydrogen, 
gave rise to pre-ignitions at hi'avier loail _/)n account of the Higher 
temperatures produced inside the cylinder. 

If is probably not pyi.ssible to give, in'gena-al, the best proportion 
oF hydrogen with^reljiect to all three jioint.s of view simultaneously, 
a» a numbit- of conditiitns, espei'ially as regards the cooling of the 
cyfinder, thc^co'iipres.sion, etc., also intjitcuce the determination. 

For exampie, a yumber of engines^work well with a hydrogen 
percenjtage of ®p to 20 pei» cent., while other engines show sign.s of 
•irregular operation, egen .with such a low proportion of hydrogen as 
10 per cent. In making such co.p'parisons, respect should, however, 
be paid to the load for the bioment. 


((}) Cleaning and Drymg Apparatus aifii Piping. 

. The real task of the cleaning apparatus of a suction-gas plairl, for 
anthracite or coke, is to separate the jtUrticlcs of dust, soot, and ashes 
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accompanying the gas^when^it leavoa the producer. On*the other 
hand, the removal of tar is not aimed at- in st) grAt a degi-ee by the 
cleaning (tf. p. J5). Thus the conditions are analogeus to those 
prevailing at the cleaning the blast-furnace gas. 

Imrffediately after passing tlie vaporiser the gas fs usually cleaned 
from coarser dust, and this (leaning <‘itiier®lakes plac,* in a sj>ecin,l 
dust-collector, provided with a delbn-lor ^wbicli cohi])ejs the <gas to 
(luickl^alt*' its direction—in wliicli process a part of the dust is thing 
oul^ol the gas-stream; or some sinuhu arrr«Ti^‘?ncnt may be made 
in the vapori^cir itsolf»(tig lit)- 

Tlie real clellnmg and cooling of the gns take })lacc in tlie acruhher' 
similar to'tbe cleaning of l)last-furiiac<‘ gas by l-lu^ wti method (<:J\ 
p. 17). «*T]ie apparatus consists cliictly of a, steel-plate towoV, the 
uncl^M' parlToi wMeli is oft(‘n of east-iron, this material otfering a better 
resistance to the warm, corroding gases# The ch'aning water is 
ditfused in the upper f)a.rt ol tlii' scniblicr by nfcaiif^of spftiycrs or 
drip pTates, and is divided and clirckcd in its falling movement by 
a coke-filling resting c^n Several grates of wood or iron. * The gas is 
iiitroduocd at the bottom. 

Tlie dirty, slinking scrubber w^iu' colbnifs at the foot,*and frftm 
thence usually runs down into tlioVroo? box. which usually con^st-s 
of a covered vessel into which the water prevent.!'the outer air 
f.om entering {‘^water-seal”) (tig. 21). Tit (irdor to avoid the 
suction of the wash' watei into the senihber. a ditference of level 
amounting to at- least 12 inches ought to bo kepi- between the, water- 
surfaces in the scrublx'r aiul in Hie drain box. 

^ f>onietimes the unclenned gas is hal down into the smibber water, 
and is thereby eonipeilod to l#ubl)le tiiiougli the same, in which 
])r(;C'.S.S a part of the dust is st'itaralcil from the gas^ or the water, 
beiefe it riMis down into tlie drain 4)nx, ])asscs tlie a.l,^pvo-inentioned 
dust-collector, which is thei eby continually washed ch*an. The last- 
iit'^nlionod devices, however, aim, in the first jilaco, at liringing abouf 
a fullf reliable shutting-ol^^^^j^e gas during the time when the plant 
is shut down, of which more^l lie said inrt-ber oni(p. 89). 

The coke whicli is 4 iscd*ouglit to ln‘ haifl and free Irom 
and shouliibe carefully washed clean. In order a^void uniiecossafy 
suction resistance, the bilis ought to mcjisur* at least T inches ; antf', 
in the lower layers especially, ^t is ailvdsablc, vn accoin^X q& the greaf-cr 
deposition of slime, to place tTiere (coarser luik?^ preferably between 
6-8 inches in size. The puttin,^ in of the coke demands a certain 
amotinl of caution, and the tbrounng down o| t-h<‘^coke, or the exposing* 
it in any other way to be crushed, should bt* avoided as far as possible. 
A good way is to lower fhe coke in basket -?, which are turned over by 
the "assistance of a string uistened to the bottom, ^fter the scrubber 
has in this manner Jieen filled to a certain hoiglft, the filling is care¬ 
fully wasljed clean, in which process ihe smaller bits of (^ke usimlly 
acconl^aiiy the water down into (*he dust-collector and the drain box. 
Before the plant is .taken intomse it is, therefore, of importance to 
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remove these bits of coke, as otherwisej whei^ the engine is at work, 
the waste-pipes mly eafsily get choked up. 

The amopnt of cleaning water wliioli is u.sed in the scrubber, 
under noriniil conditions, depends, just as in the pri'parution of blast¬ 
furnace gas to engine gas, not only on the cleaidng cap.acitj' wf the 
apparatus. liAt also on tiie ('oolmg ac(i*»n to wlij(di the gas is exposed 
in thut'siiinej A'l all ev<'nls, so mncli water at Icasl should stream 
through lh<‘ scrubber that the greater ])a.rt of the .steaiii prtseiit in 
t.he gas allows itselt_ ti,»i bo conden.sed, w hi(di. as a rule, is the cii-sc 
^heu the teni|)erafuro in the iipp.arat us is so "far redijeed that, the 
gas-outlet of the apparatus feels cool to the touc'i. ‘ft, not seldom 
liappenh, liowjiwei'; that the gas carries with itfousiderahlc' (|uantitie,s 
of cle'aning water, whicdi, however, can ea.silv be separate^', and is 
drawn cdT, either continually iid.o another drain bo!; orV ‘of the.i:on- 
nectiug |)ipe between tluioscrubber and the filter, or else jierindie.ally 
out of tke gas-jioldf-r if there is no fdt^er. * < 

As regards the renewal of the ,scrubber coke, the lower third of the 
filling need* not,, as a rule, be reneweil belorv IJ I'eai’s woiking, 
tinder the supposition, however, I hat, cleaning water has bi'cii sipiplied 
in‘sulliciebt (|uanlil,les. , 

• After p.a.ssing the scrubber, thh gas has often to go thiv-ugh another 
cleaning prociv/s in the dry way, in a so-called fdlrr or iJrij .wuhher. 
In,this the finest dust, is caught, consisting of light ash, enid-du.st, 
e.tc,, wdiiidi, in an ordinai'y scrubber, can be sejiarated from lh(‘gas 
only with some ditilculty. 

The cleaning mat.erial consists nearly always of cour.se xaiadvxt, 
but soinetinu's, too, of wood-fibre, or fine-broken coke. ' ^ 

When sawdust is I'lnploiyed, it is*of great im[iorlauce, in order to 
jirevent the ca!i;iug together of the mass in conseipience of the moi.sture 
from the gas, Jjial, the latter be vntrodiieed.iuto the edeawr in ah dry 
a condition as possible. It is only exceptionally viz. when the cost 
'of a very thorough cooling and tlie, .accompanying drying of the gas 
is too high, and especially if the gas is jio^juiificientlv free froidtar — 
that finely crushed coke, | inch to J inch in size, is used as purifying 
matjerial. The cleaning capability of 'such, a ])urifier is, however, 
b'y no mcans equal%o that of a sawdust one. 

• The dnyiw’rudoe/w (/ii'cr.v) are, as a rule,,) round, and are provided 
witli easily, leEiovable. covers (fig. 24y The purifying material is 
spread on turn to Jifiir wooden grates^ lying above each other and 
covered with cdiavings or .'■oar.se sacking. The gas enters from the 
bottom into the filler, and from tficre is led to the ujiper part by 
means of a wide pifie (fig. 21), oriler to be cleaned afterwards 
in each of the layers on its way down. 

The resi,5l,ance to the gas in an ordinary sawdust .scrubber is 
compar'.itivciy great (c/i p. 85), and increases,,, too, with time, in 
tonsequenrs of the .accnmulatibm of the dust, for which .reason the 
filter must sometimes be eh'aned and new sawdust put in. 'If the 
gas is free from tar, however, and w well cooled besides, a filter in 



PRODUfERS WITH ArPERSORTES. 


n. 


which coarse saw'dusl; i^ empl^oyed can he used for af, least, .six or eiiiht 
weeks without any trouble from the rosistanch mentioned. 

The utility of employitif; such filters i.s much dehatej. As a rule, 
no fine cleaning is used yhen perfectly good fuel can he obtained, 
suchtaf, for example, English anlhraciie free frobi dnsl-i-oal. In 
such aease, rather tjjau run She, risk of incu'ased cost M insiall.itioji 
and upkeep, owners often unJ^erlake tiv' more fl-equent (''<'iniing 
of Eie^ansiWe which thi^ siinplifie.ation of its installalion nei-e.ssitales, 
nnless they are prevented from doing tliis»lfvi woiKing condilions, 
esjiecially suyh as regard the t,im<' of working an(i*reserviss. 

After Ihe cleaning, t he gas is usually eo))dnclefl lo a . from 

which a suction-pipe fea,ils to the engine. The phul'ig of a larger 
volume Ike end of the jn’plng prevents, in an I'ssential degree, 

the*iirising *f exVessive variations in |)ressure whicdi, unless < Inadied, 
decrea.Rc the power of the engine and rimder its regulation n\ore 
dillicnll. 


But sindi a tank, when it is large enough, c;ui somet.inios be of 
use for the pioducliou ahd preparation cjf the gas, t.oo, as a longer 
time is given to the gasification in the generator to adjust it.scdf to 
the new conditions, on account, the slciver transmission of the 
suction action of the engine up to the generator, wherebv Ihe c.*un- 
)) 0 .sili»n of the gas hecoraes more equal. In addittiin lo this, Ihe 
juction jerks in tin' generator a.rc weakened, which contributes to 
the ri'tenlion there of the .smaller particles of soot,, dust, and ashes. 
Finally, a part of the moistiire^ol^ t he gas is separated in tb.c tank, 
where Jjhe sjiced cd' the gas is very slow. 

, TJir pipiiiil »f tt coviph'fr mirfion-fiits pliiiil embraces; (I) the 
teiuii jiipfinf /or the i/o.s t (2) iM' ecu/-, ^j/oir-on/~. aini ///i/.sZ-pipcng ; 
(.'i) 'piping fir orerjliiw and mirte water', (1) pipinf far Ihe vater 
goilffw. 

Even if exiierieiice shows that .some of the piluiig iiienfioiied in 
(2) and (-1) can often be done without, without incoiivciiiciicej 
a dedf'riptioii of a siiction^jj^jj^plaiit witli a complete set ol |iipiiig 
should be of interest. As a good example, a sneti'»ii-ga.s plant with 
pan-vaporiser and sawdiist lifter, iiy the firm cd Ifintseh in Berlin, has 
heen ehos»n, and a view of it is given in fig. 1(i. ^ 

The main piphifi eonsisls of wide c.asl-iioii iiipcs |ir»vidnl with 
cleaning-holes at the bends, iftid made as straight as ^.^isiihlc in onler 
to faciirtati' I,he cleaiiiiig of tl|e*diP[er('nt parls of,!he )uping. For the 
■same reason the tota,l length of the piiiii^ for the iiitcleaned ^gas is 
kept as short as possible, by arranging tiie cjeamiig apparatus as" 
close to the producer as possible. 

fmmediately outsidlf the gas-ontlet, the piping braiiihes olT up¬ 
wards and downwards. Tfuring tl^e working, the ^as sl^eam^s^in the 


a damper. When tlic'filter E meeds to’be often looked to, it can bo 


latter direction inU> the diist-coueci.oi u aim-i.iw v.., 

apparatus but during ihe starting and stoppages it movifc in the rq 
uosittf direction through the blcfiv-off pipe, which is iirovided wit 
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entirely shut off from the re«t of the appar^^tus 4 )y lueaii.s of two 
valves. 

The Vent-pipinit b (left) join.s the discliavoe pipe froiTi the hand- 
driven fan H to the main^iipine iininediately in frijnt of Ihe filler. 
If file ^ovei of the filter has to he tak<Mi oil, tlu‘ ^as is fii'ijft. driven out. 
from th^ same hy th(»help of Tli*' hin, whiohnills th(*lilter with pure* 
air in.stead, ‘ * ‘ 

Tie jiipinq eonsi-sts of (he ahove-mentioned hranidi of 

the main piping loyelher with a narrower pTpt^ b (ri<;ht) joining 
the f;a,s-outlel*M the filter with the open air. Thronyh Ihi.s latter 
pipe is hloryi out tfie remaininp yas from the filter, 411 the v.mtilation 
of fhe same, and air, or yas mixed wif.h air, out of the’Tvhole of the 
plant on it^rfine a'pLin afi.er a lony sf.opiiarie, whrnr the whole of Ifn* 
plant* before^,he resiiniptioii of work, is filled wil.h fresh gas Irom the 
healed jiroduee.. , 

Thf'^Iilasl-piphiij'a, has its f«rmination in flie fowA'jiarl of the 
steam- and air-]n])e d, ^ • 

The Wali-r-pipinq lAs I wo branches, each provided with cocks, 
viz. the/(■'■'/ pipe f (if the raporisrr, .-y^d the inlet pipe /hr thm.scnihlitr 
water g. 

II axle pipes- are arranged at the dram box for the ct*nden.sed water 
from eilTinecting ])i|)es and filter. 

The Pi pi nil fur the -water pauries p unite fhe main piping hefore 
and ivehind the .scruhber and the blow'-ouf. piping of the whole |)hi.nt, 
t. ith three 0 [inn water gauges, • 

Onri ig tlij operation, the reading on the last gauge will give the 
total of the losses of pre.ssnre in the producer, scriil)b%, and filf.er. 
Tim reduction of pressure in eacl* ap[)araftis con.si.sts, fyrther, of the 
ijiffprenie. between the readings of the gauges after and hefore the 
ilppo^tus in*cpies(ion. fly every now «ind then making a note of 
these differences in pressure, a good idea is obtained of the state of 
' he apfmrarns as i-egards cleanliness. 



CHAPTER IV 


GENERAL RULES FOR THE CARE OF SUCTION-GAS-PLANTS. 

(a) Starting the Plant for the first time, or after it has been 
shut down fora long time.* 

Hiif'fnih; Mowinir up (.lie lirt' in tlu' ut'iict'alo/ the hriekuoik in the same, in 
order to a\<p|(] the lorninl-um of eraeivs. oujrht. to lie ijiiite (Ir 3 ', tlie Hcnihlier and 
t)'e liitt r,'ll woikini' order, find t lie^ \ a]>oriser, the dram- and the seal-boxes 
lilh'd with Wider. In addc'ion to thi?.., the proiiucer is shut, otl fioni tin* rest of 
t!..' ii|ip!UJit MS by means of a, w ater-stail (j). SO), or, wlteie siieli a tinny cannot 
be ariaim<‘(|. i>y*th(^ iiel]) of fi ehiinife-i idve (eoelc-x alve) close to the yas-outlet 
of the producer (Cliaptei V.) 

After fins, the aii inhd ol 1 he pioducer or the pipi‘ tor tlie steam-air mixture 
is doseil. tlie diiinpei m the hhist-jHpini; is o])eiied, jind. by means of the above* 
meiitKiiied ehatine-\’al\e, the piodiieei is jiiit into (‘oniiet (ion wit h tlie hlow-off 
pipe. 'Pile vetd fiml I lit* ol hei lilowfnif^ inpmy and t he yas-eoek at tlu‘ engine 
are. on ( lie ot hei luind, ke|)t sinil ^ If tlie mam pipiiiy is ah-o ])rovi<li‘d wdtii 
Vfilves 111 flam* <if find behind tlii' lil(<‘r, (hesi; ai'(‘ ofieiUMl. 

Alter liaviny fiiade sure (hit. th(‘ ellfirymy apparal us cfiii easily ho moved 
and is shut elosrdy. tile hojijier is iilled wit h fuel, find lire I's made in (he pi’oiliiecr 
by the hel]> of sticks, little lids of wood, shavmys, etc., which arc sprea(\ out. ('..i 
the yrat(‘. iift.. i wddeli (he tin' i. made livelier -oy blowiny softly with the fan. 
liefori' domy t.his t.lm tiri'- and ash-doors should bo closed. 

W'Im'Ii (lie tire is biirnmy stionyiy. we then proceed to lill the jirodueer wdth 
fuel, durmy whu h o|)eration the fan i.s kenj^meessantly in motion. At first 
only small amounts of coal are let downf, a'ltci- which the produoor is eliaryod 
in the ordinary way (p. (iO) until it has been tilled vvitli fuel. \\'him the blow- 
,’ng has eontinned from 15-I10 mmules. accordmy to the size of the plant and 
the skill of the man in eharye. th<* yas formed is lit. at the test, (-(r'k close to the 
proflueer (the cock m, m liy. lb), and tho yasjs eonsidered quite satisfactory 
b'. while the fan's at- work, the flame <loes rot draw away from the mouth of the 
c’uck, but Imrii. steadily. 

'J’fieii eouies the h.lmy of ail tho appar tns with gas. I'he fan is still kept ,- 
gom.". and now, after tho fa.ther blow-out piping (behind tho filter) has been , 
opened, and the water-seal has been broken by drawing off the water, and after^ 
the blow-olT ])ipc of ( lie producer has been sliut off, t,h(‘ gas is pressed in through!? 
tlu‘ apparatus and out Into the o])en''u.ir, in which procc.ss all tlie air is driven out' 
of Jill t he apparal us. I'revionslo this the scrubber water i.s let in. 

In .somi' planls t iio blow-off ])ipo fivim tho producer, Imwcver, is only partially ’ 
shut o'rl wliile the lilfing takes filaeo, as the blow-out piping behind the filter is 
very often not. intemhMl to cany off the whole of the gas wliich'ia developed 
in a W'arm prorlncj'r. If. tlimefore, the producer is still to delivi.r gpod gas, a 

I Jf tlie overflow pipe fruiu the vjipor.ser uptpis into tho ashrpit, the pipe should be closed 
_^before starting the unRlnc, and opeueu immediately af^.er starting. 

82 



GENERAL RULES FOR THE CARE OF SUOTTON-OAS PLANTS. 83 


lar^jer outlet must be prepared for tjic wuieu is done in aecordanee willi llio 
above directions. As a rufi*, the gas is tlirntth-il ni ^lo b#iw-off pi[>e until the 
gauge behind tlie filter show.s ^-mih to .^-incli pn'ssnre, w.ater-colunin. 

The lining of the gas plant must not s(oj) beloie all the aii»and.iioor gas 
have b(‘en foreed out, and iiniy tin' gas wliicli has been lit at th('*t(‘sl cink at 
tli(M'ng^i(#buruH steadily. While t he I rial is going on,lh<'la*t ni^l iinessantly 
be at work, as otlierwisi- on igntln^n an i imniiil.', tmiif fu/.< i^aci. iii 

ordei t o ill rnri lu'f dimi»isli I he datijj**! of <-\])losiofi, hot li i yis (c^i < o« k as w<‘14 
as that of the prodneer should be III t(‘d u it h lim^ \\#n'gairie. ♦ • 

If 1 he \\’lMk' t'hint is thus titled wit h goo<i gas, t in' eo( k in tin' fart lier 

blow-^ul' piping (evi'iitiially also tln' biou-oll pipi' ^^the pHnlini'i) is elosc'd, 
the fan is slopped, tin' mn k in Iho ]>i])e loi the sti'ani-aii^niixliire (oi ilu'damper 
ill t he air-iiilel. .Mill • pi o(Tin‘er) is opened, as wc'II as t Ix' iin'-door nr t he pi'ep-iiole 
in tln^ same^ attef w'liieli the I'omniiiiin at ion with tin' bkiw-nfl pipe ol the 
produei't'is‘ iitirt'iy shut oi. hnnn-diately ali('V tins tlu'<'itgm«^ st.irlTd, after 
wliiidi th<‘ liie-do()r is again closed wln-n lIu' engine has made some re\olfltnuis. 

It IS of%s.'a( inu)«rlunee that all handling of tiie apparatus, utter the fan 
has sifi[>ped, sli^niId he doin? as iiun-kly as jiossihle, in order to prevent, tin' cooling 
of t he (irotliieer • 

On opeiiin;. ilie tiro-«lo<u^il. is ))ossil)le lliat a tlame wifi rusl^ut of*the pro¬ 
ducer. xAueii. howi'vi'v. Mill soon <]tsi^)pear ntfer the engine has begun to iim 
steadjly. In the meant inu', <^ie shouki not [ilaee oneself in lront»<>f the doni, 
or keo]) eombiistibk'ohJeet.ft.ln'H' It ue lU'gkcf opening tlu' door, ua r j/Vo.'iioa 
may easily take ])lae(' in (he u.s/o/a/. ns tin' devc'Iopmoiit of gas in Ih^' producer 
eontniiies a while afti'i the slopping of thjian Th^gas at this moment endfa- 
vouis to find a way down ihniiigli the gAile, and gra<hially forms aiM‘\])!o,‘^vc 
mixture with the air in t In' ash-pi) w inch ignites at 1 lie ineand«ts(‘<'nt coal on t ho 
fire-bars? But as it is <udy small annuiiits ul gas that <an ex|ffode, ainl as, too, 
by means of the ])H)(! for the stc'nin-aiv iinxtiire and the vaporiser, the ash-pit 
alsi' tands in eonnei-tioii with (In' outer air. such an exjilosion is not very 
dan;<''i()iis in its etb'rjs. But iieople ulio are standing elosi' to tin' prodiieer 
may be injined liy tin- hot water (h#.>\fli out from the vajionser oi, fiossibly, 
bv tl e g, -! wlinili streams out. 

• I'he lorinatn'n of steam in tin' va])<>nsei' ought, to be luislened dniing the 
blowing, ])y admitting water in smaH (|iian1itnjs only (}►. 7l),Tinlil tin* Mater 
in tijd.j'iparaUis lias breome Murin. 


(/>) Re-starting the Plant after it has been shut down for a short 
jtime, such as Stopping for the Night, at Meal-times, etc. 

As tile plant, alter tin; sl.op'fnii^of the engiin;. is filled witli got.d gas, and 
as all the apparatus ladiind tin-<j)iodin<'r can be slint oil from the latter by 
means of a water-seal oi viftvi'S, these a])])aratns need i^t bi'Idled aneM',#aml 
so the wliolo*proparation of tlie plant, on such oei'asions is cauilined to blowing 
up the fire in the ])roducer. '^his is undertaken in i|f eordanee M’lt.b t he reg)ila^ 
tione given in (<i), with the oxeoifdion what ligs been ^tei! eoneerfliwg 
the lighting of the fuel, whie’: is noit unnc<eHsary, as. during slr uTor stoppa^'s, 
the coal is kept alight by means olfthe natural draught.# 

In addition to this, the lime for starting t he I'^gino is detcrimiied cxc-liisively 
by the appearanoi' of tlio gas-Hanu; at tlX' jirodiiei'i'. A j^ts-sample at 1 he engine 
can, on the other haiifl, only allow one to draM' comTusions as to the composition 
of the gas in the piping—-iiif which, uiulR ordinary conditions, good gas should 
always bo found. 




(c) Workin^the Plant. 

AflOT the engine has been started and Pile load p»t on, the ®ater-supply 
to the vaporiser is adjusted, and the aftiount of water admitted to the scrubber 
is increased. 
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During f lu* operation it is only necessary to inspect the producer at intervale 
of an hour or two, i( or(l<;‘r t-o suj)p]y ot to rako out tlie ashes and clinker 
that may have fornuMl. In order tor Itu! producer t-o <;ivo jjias of oven com¬ 
position, .the f'hartiin<; ouj;lit pr(de.ral)ly to lie dfuio often ; not later, at all 
events, tluin wluui the coal, wduch can be insjjccled tlirou^li the, p<M‘p-lioIo in 
tlu! u|)])er yiar/ of Mic yiroduci'V, l)c<fins lo turn r(*(l. 'Pile c<ivcr of llc^ ^hopper, 
as \vi‘ll as o(lu\‘ surfa<-(‘s l»clon;iiM}i It) the cli^iriiinji aj>})aratus which are exposed 
to wear, should Ik' carefidl; cleaucil iVony ctial-dusl.. i*i(l the surfacesfat wdiich 
there must lx' no icakaift', sluuiid lx* rubbed now and a;rain witli a mixlurt'of 
etjual yiarts of lubricalinix oil and lainp-oif. 

A certain amount of^cuition slioiiltl also lx* used with rcLiari] to any f^as 
from previous (illitiys*Wliieli may still reiiiam in the liopjx i, and laie should be 
talam never to toucii both sinit-tdl covt'rs simullant'oiisly. as afi explosion may 
otlierwist^ easily t,ake ]>la<‘e, in addition to the <:as beeomfnc'^deteriorated when 
air is siftdved \y rVoli above. In order, ttx), to hintlcH as miieh as' possible the 
air from forcint; its w’ay down into tlu‘ producer when charfim';, the hopper 
should be tilled (o flie brim. * 4 , * 

The fir( iit(/ from clinker re(|iiiros, on the other liand. ^reatbr praeti(*t' and 
attention. ’>■ 

Tt. is^'nie k^iat tbt yirotliicer permits tlio ojieniii''. »vitliout any ilan}j;er, o{ 
the (ire- and the asli-pit. doors wliile tlie yiianli is l)ein<r o[H‘raie(l. for the ymrpose 
of lireakinx I lose and rcmovintt 1 be elinker ; but.., as evci’v adtlil ion of air wliieh 
has not passtxl lh(‘ vajxuiser rtxlnces tlu‘ liealini; \'<iliic of ttu‘ "as. tlie tloors 
(“an. as a rule, be kept o[K‘11 only for a vt‘rv short- time. Tlx* nikinn out of tlie 
clliik»“i' and the ashes. 1 )i("'(‘torc. oif.tbl lo lake* place ditnn" stojijiages (at 
luvrh-l-iine and in the cveniu") or wt li lij^bt load. 1'iie urate, on tlu^ other 
hand, ouuhl to l^e cleaned every now and then, and the clinker broken loose 
from the lowa-r "part- ol (h«‘ furnace, for whieli piir]x)se ( lie tire-door is often 
provided willi a peeji-liole and pluu- 

Chnk(“r wdiub has Inirnt fast to the walls, and wliieli cannot b(“ got at in 
that maiiiu'r, is. on the (“onlrary, iemo\ed from abo\<‘ by mi'ans of loii" yiokers, 
which rfre either pul down tbrouuh tht e* arumu-openinu^ i»* t'be upper part- of 
<b(“ [irodueei (c/. p. (iO) or tbrouuh a liol(‘ in the eov<‘r vf the hopper. 
Sueli a eleaniiiu can liardly be tin(ier(ak«“n diirinu the ojieralion, but imyst 
usually lx‘ )uj( off until t he pla^t is shut aIowii. If elinkei' is met. with in large 
({uaiiti(i(“s, or in places diflienlt to "<“( at. it will hi' rn'cessary, too, t.o mnpty the 
producer entirely, in order to tlioronulily elimn the furnace.’ As a riiU^JiawCi 
ever, tlie elear‘;..iu can be undertaken witlioiit l(kii,ving l-o lake out, the coal or 
to put out tlie tir«“. Tii (>rd<‘r to faeilifati' (lie w'ork, the yirodueiw is usually 
(“harued inori* s|>arinuly tow’ards tin* elos(‘ of the workiiiu-time, in order tliat 
the coal may not reaeli so far up in tlx^ shaft as diirinu ordinary workinv:- 

Caution is advised wlion the .sliaft is Ixfi.i^oade available, for cleaning from 
above. For if the coal remaining in the projlucer is kept incandescent, by Iho 
lielp of the drauglit in tbb blow-olT jiipc^ {cj. (<l), Ix'Viw), then, on opening, air in 
great (plant it ies may S-e su(“ked dowoi into the producer and be inj-xed with the 
ga.s, wliereupon nfpid eon^biist-ions can oeeiir, s(^m(dimes with flames shooting 
Hie jirodueer. In order to pr(<Yent tlii^s sucking in of air, tlu“ firm Pintsch 
prescribes t!uU tfie producer may only be cl“aned while the blow-off pipe is kept 
closed, but still after ^'ibe vacuum in the I’Oen removed by the 

opening of tlK‘<ash-pit door, i- Immediately after the furnaco has been made 
accessible from above, the asli-jiit. dooi*’should, however, be closed again, as 
otlierwise an upward (^t-rrent. can arise. 'I'ho different operaiion.s should, there¬ 
fore, be undertaken in the following (X Jer 

(1) The ash-pit door in opened. (2) Commnr^calion with the. Uow-off pipe is 
shut off. {‘^)^The furnace is made, aecessihle for cleaning from ab(»>p. (4) The 

< 1 The depositiun of clinker in the furnace is often Ifxal, the resiTlt of air-leaks existing there, 
round which uic gas burns witli great def .doiunent of lu'at, and with tlie conse^.ucnce that the 
clinker from the coal close by runs out and Imnv' fast to the walls. Such a delicate ».d. at the 
same time, difficult place to get at m the furnace is, for example, the wall just above the ftre- 
door vrhlch sometimes does not close quite tightly.r 
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aah^pit door ta dosed. (6) C/i^ pe^cr ts Id down andjdie (Mnkcr is broken away 
from the waits of the shaft. 

Ill addition to this, after ovory reiiioval of clinker, and overyenow and then 
during the, working, the ashes and unburned coal which have lallon rfown through 
the fire-bi^rs of the grate sliould be removed. 'Fhe ])erc«‘nt,a}ie of/ iiIhuikmI coal 
in tho Sshes is often jiretty considerable, especially wlien tin: |>v|>diicer is freed 
from cliiftcor during the fjjcraiion, a^d sft the savii|^ of sucy coal by means oi 
sifting pays very w<dl. 

'I’lio suc<^i resistance within ea<^}i appara’tus, as widl as williin the plant 
as a^hofb, can, at any time, bo read oil on the w^ya-gauges, and it hereby 
becomes possible, especially as regards the sci iilibcr uin^ yic Idler, by nn'ans ot 
a timely cleanin^,*to provCnt the rise <d an tixaggeratcdly great sticlaon resistance, 
HH the resistance \*itliai these apjiaratus slowly increases with time (r/. p. 81). 
In order to (licteomlitjon of a gas ]danl. tlid* loUj^wing table is 

given, made for a ihiitsch’s suction-gas plant with tubular vajioriser. Accord¬ 
ing to this, a i^a.'it can bo considered to be in a good state, as regards tho 
suctirfl rosjstaffcc, it tlio diflcronco in jircssuro amounts to:— 

• 

For producer ujj totit most IJ niches to 2 iiiehcs^vatcr-cohimn 
vaporiser ,, ,, ,, ,, 

„ scrubber ,, ,, ,, ,, ,, ^ 

„ liltor ,, • 8 ,, ,, „ 

which, together, give a vacuum of im^Jlies to 7J inches watcr-coh*iin at f^io 
gas-cock of tlie engine. At starting, tho •^essurus «#e usually somewliat higher 
than during tho working. 


(d) Stopping the Plant. 

When the engine of a suetjon-gas ])lant has been sto])i»otl, the jn'odueer 
siionld at once bo put int<j coiiiicctio% with the blow-off pipe, wbereby,* during 
the s'^opi ago, a, draught ol siitheieut strength is produced to keep up the lire in 
th^ l»rod'icer. Before tho engiiie lias stopped, tho peep-hole in the (ire-door 
slionhl be opened, however, or the doiir itself, 41 order thereby^,o jirovent Die 
gf's ftv’cing its way down into tho ash-pit, where, according t<*what has been 
ijo'vn in (a), il might burn wiDi great intensity. 

.\uer tho slubber water Ailiicli is running^oll has forined jj'aler-seal, the 
inlet piping ior the cleaning water is shut off, and Die water-supply to tho 
vaporiser is so adjusted that tlie water in the same is replaced in Die degree' 
that it evaporates; a richer supply of water would rmly unnecessarily cool 
tho Vaporiser and render it rnoK- ult to start again. 

Bi .^ore the removal of clinker, etc., is iindertliken, the draught should bo 
moderated by means of the *sh-pa door, or Die (lamj.)?ir in the air-pi]»ing, lyitil 
it ifi quite certain that Die coal will continue to remain fficandescent with tho 
least possible supply of air. In any ease, Die plant must ii#ver bg left beforej 
tho above regulation has been*arricd oiit,tif the hesT jiossible^cconomy of ^1 
is to bo obtained. 



CHAPTER V 

PRODUCER PLANTS BUILT FOR GAS-POWEJR PURPOSES. 

WITJ/ reference t,o what has already been said, we shall now describe 
some differdTii; producer plants, csjrecialiy as rejiards their -inethod 
of working and their construction. 

I. pfeoDUCEE PLANTS FOESC'UELS POOR IN HYDROCARBONS, 
SUCH AS anthracite, COKE, Etc. 

Dowson Gas Plant. 

Fig. 17 shows a Doivsnn r/its plant of older construction (if. p. 18). 
The |i,i incipa.l aj)pai-atu.s consists, of the producer A and the boiler B, 
with (lie atcain superheater F ; further, the water-seal box C, the scrubber 
D, the. filler E ; and, finally, a gas-holder. 

The boiler supplies suj'erheated' steam of about (iO lbs. pressure 
to the injector G, whei-eby the nii.xtiire ot air and steam is continually 
blown into ,t,he ash-pit. Tjie, charging apparatus coifoists of fuel- 
hopper wit.h ehurging-bell, and the fuel is put in, as a rule, e.very’15 
or 30 minutes. 

The way in which Ihe ])roductiou,u4f.'.as in the producer is made to 
agree with the gas-reipiiiements of t,he engine is worthy of attention. 
With the plant in (|tiestiou, the cock I, toe admitting the steam to 
the injector, ha^ been c-oniiected wit h the gas-holder in suevh a way that 
nhj; suppi', of air inix(',l with .sjpam is .slcs.vly reduced'while, the float 
iij rising, ii> o/ider liuall-y t.o cease whyjl the ga,s-holder has been filled. 
()n the other liandcwith increasing copsuinption of gas, when the bell 
sinks, the supply ot gas is once inqre completed by opening the cock. 

Suction-Gas Plant from Carl ‘ilolmberg’s. Mek. Verkstads A.-B. 

Tli,e construction of the plant is shown with all de.sirable clearnesa 
, by the section in fig. 18. 

The liTel-hopper has double shut-off arrangements, viz.“a rqjatable, 
tightly-sitting cover and a balanced charging-bell. The paths taken 
by the gas outside the producer are here defermined by a three-way. 

' 80 
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cock. lmnu'diat.ply aljovc this, tiu! vciU-pipo from the sell-sealing 
drain box issues into the blow-off pipe. 



Tangye’s Suction-Gas Plant. 

Figs. ] 9 and 2(1 jjhow a section ifnd a side view,pf h Tangye » suction- 
gas plant ol standard type. 

Hie fuel-hopper is shut off Uy means ot a'cmici- ano a siiue 
which latter contributes to i'»akc the furnace easily accessible for 
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cleaning purposes. Ip tlie .diist-collecfor the scjiubber water, after 
the engine has liecn stopped, forms a water-seal, the cock in the lower 
drain-pipe being then kept closed. 

ISuclion-Gas Plant from.the National Gas Engine Co., Ltd. 

% I ^ f ^ * 

A section of such a plant is shown jji fig. 21. The producer is 
pro^id^dii’i’itli air pre-healer lind vapori.ser without water chamber. 
The water for the jirodiuxT is )iri-heatod in thf tube 15, which is wa.shed 



by the issuing hot gas, and tjien runs down alcpg the upper part ol 
the producer. Here it is transformed into steam oh coming into 
contact with Ihe outer surface of the §hell 7, on which heat- 
intercejiting libs aie cast. The vjgioriser it.sclf/;onsist3 of the ring-' 
shaped room between %hp outer shell 8‘and the above-mentioned 
shell 7. Here the steam is taken up by the comtiustian-air, which 
is warmed in the air pre-heater 5 surrounding “the gas-outlet pipe. 
As no watpr-space exi.sts. the amount c< steam developed ’S^epend’enl, 
in a Iflgh degree, on the rate of •w'ater-feed. The water-supply can 
also be so adjusted that all the v-ater is transformed into steam. 
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Suctioitf-Gas. Plant from GeMuedei* Koerting. 

All the types of plants for anthracite and coke are provided with 
tubular vaporisers, and, as a rule, the cleaning of the gas is extended to 

the removal Rfi the 
I finpst dust by 'means 

''fc.JmL.~r fillers. The pro- 

m I dueersaredi^’imu’sjied 

f I . by the large fuel-con- 

I , takiers, \« Rich are en- 

'■ tirely sfirrouniled by 

t* ' I the gas (c/i p. 70). 

1 A 40-15.1U>. plant 

li '"K - - I IS slioVn in' figs» 22 

•|.j i ii'he chargnig^appa- 

f| 1'! '']! ! ||[L ratiis whieli, in‘liewer 

[•] Y"'-":'' li ‘n’ li rffu ' l•■)nstrln■tlons, is suj)- 

-j I WS' I i 1 I? w ith double 

f' I i »| h! I' V ' ; f; fastening, lia,s already 
[■ I ; !siii I ' i ' 'i been described on p. 69. 

1 I ' ' 1 he piodue.ei eas.ng is 

JH j, I' I ■ east in one |iieee, with 

1 5 i , j the ash-] lit walls, to 

i .1 |l i which the canal for the 

I ' j I steam and air leads 

l^jj ; il' n down from the vapoij 

”1 iser, along the interior 

the i-asing., 

i . s V'/ ( ^ the grate ise'nade nr me 



1 

]iiece, and can be drawn 
out. It lests on a ring- 

"-t" 

,shaped ea.st-iron 'plate 


Bupporti'd by a flange 


(On file easing. 

VI 4 

Plants fur greater 

-.J'iiri + 

])ower are made by the 


firm in ae.cordaiice with 

-1-' • f 

'• 4 ’/ 

lig. 24. 

/ 

The producer casing 

. f" 

con,sists, ill t his case, of 


a steel-plate cylinder, 

Fjgb. 22-n. 

'and to the cliarging 


^ apparatus belong * an 

oblique-lying hiiigedt hopper and hwo xhul-nff di§cs, a.s usual. The 
pressure piping of the fan le»ds into the steam chamber of the 
vaporiser just above Ihe water surface, and the overflow is clirried 
down by means of the steam and aii’riipe. This.arrangeinent of the 
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vaporiser between thi* fan iKid the producer mak*s it possible to blow 
up the fire with air mixed with steam—the coiise(|uenoc of which i.s 
that, when the eii"ine is to be started, the producer,’as well as the 
main piping all the way'to the cleaning a})paratus, sta/ida filled with 
a gfs^richer in hydrogen than woidd be the case il the blowing were 
done with air only.* • 

The path the gas takes beyond I he* vaporiser is tlcterinined, as, 
us'Sftl.'b'y^hp, position of the change-valve. In addition to this, there* 
is the usua^ drain box at the scrubber and t^o,water-seal boxes, one 
on each side'pf the'lilter. , 

Koeriiwfx [irodu^-cr for peat is described further on. 



Suction-G^ Plant from Nyde^jdst & *0111^. 

b'ig. 25 show.s a nO-H.Pr plant. 1 i5 • 

The. producer, whose («sing and bottom lare of steel plate, is 
covered at the top by a cast jipper patt, in which Is placed a rm^ 
shaped pre-heater extending very low dpwn This latter, togeths# 
with a cast-iron cylinder fastei»;d to its un*r edge, forms the fuel- 

Concentrically around these, parts, and at §omo .distance from 
them, is placed'(Ac ring-shaped, dosed, ensl-fted vaporuef. In this 
is vaporised ihc water injected intothe pre-ljeato.d air, »he “nouut of 
the water being deterrahied h^ 0. feed-water regulator (&ii. 29). The 
' method of preparing the ipix'Jure ol air and steam and the regulation 
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of the amouin oi steam in this jirocluoer luive already lieen described 
in detail on p. 73. The feed apparatus is filiJced on top of the pipe 
for the pre-lieated air. On the way to the ash-pif.. ^le mixture i.s 
further lieated by the esci).pina liot aas, whieh passes ahrlj; the steam- 
air The va.lve arrauaeil lowest down in (his piiie'is kept closed 

durin?» the .starting and durwig st^ippa^es. h’artliyst. down, the pipe 
is arranged as a dusT-eollec(.or,*an(l provijeit with a eleaniiic-door. 

tltt\east liause of the scriihber the water forms a wat.er-seal. 
winch, durine stopjiayes shuts oil the |)roil>iie,i' from (he re.st, of the 
apparatus (ly, p. 77^ 


n. PRODUCER PLANTS FOR BITUMfflOUS FUELS, SUCH' 

AS PEAT, LIGNITE, COAL, Etc. 

Koerting’s Peat Protfucer. 

• 

In*Ill’S. 27--2i) a liocr/iiiifs Stu-tion-yas producer for peat is shown, 
in two vertical and on,e Itonzoiital seet-mii. 

The jirodueer consists ul a liinli. rcclanenlar-shaped tower contain¬ 
ing a iirchrick lining, and is at t he i'»itl om cl^iscd by an ordinary gtlite. 
Above the shall proper follows an' enlarged part, t.he short sidin of 
W'liiek are provided witii a set. of (jnile hojrs placed ^ii loo.sely above 
eaeb other, thus forming a sti’p grate. In the frame for each ojicnin^'' 
there are arranged, for the purpose of attending to tlie grate, several 
doors provided with draught-ri’gulating registers. .Inst hetween the 
o|)Cuing.s of.the grates there eah jJIso he seen a (jmlhiq ovtlH jirovided 
with loo.se ea.st-iron laths, which outlet, by means of a sucliim pipe, 
*j;a,nds in coimeclion with thed'iirnaee/ight above l#ie grate. The 

* fein gas-outlet, directed obliipiely downwards, is arPanged at about 
1 *middle^)! the .shaft proper, fliie fuel is put ill from above in a 
large hopper provided with a cover. 

The generation of gas in this producer, wliich is intended for iiif- 
scrermed peat witli up t.o lO per cent, water, is carried out according 
to the method described in the lir.st setdion of Chapter 11., deal¬ 
ing with the gcncvatitiii of* producer-gas fro«ii fneks rich in hydro¬ 
carbons. ^ 

When the producer is,in operation, a park of the*raw incl which is 
sinking downward is retainwl on ilie projcinting sm*ll grates, iffl/Bre 
it is coinjileiely consumed wiJli a great, devcli^nncnt of heat. "The 
column of fuel itself docs not bum, however, but the ^lot products of 
combustion stream through it Slid thus dry and distil the phat (ef.* 
p. 33). The tar vapours and steam driven’ofi Jrc sucked off through 
the grating outlet and *10 carriedSlowu rllrougn the suction-pipe into 
the* combustion zone where, together witli the comliustion-air, they 
pass the incandescent straia of Aioal above the ’grate, bt<ng thus 
transfornjed into permanent gases (y. p. 24). There i% of conr8e, 
no direct loss of heat caused by ihe drying anfl the distillation. The 
lower part of the ^haft recei’ies the peat-coke remaining from the 
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raw peat and gasiH^is i(, in vvlircli process pjodur,er-i;ax is formod by 
the action of a priiiuirii turretil of air (under tlip f^rate) in union with 



Fills. J7-29. 


tlffe steam fi^im the products of c\jstillation. There is thus nonnecessity 
for a vaporiser as lon^ as fuel-peattwitli an ordinary percentage of 
moisture is employed. 
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In the upper jiart^of tliij sliaft, the co)<(' fornia a ]iij;h protoctiiig 
column which hinder* a direct ,sucking-off 'of tlie product,s of dis¬ 
tillation through the main gas-outlet. Tliese gase.s, on the ot.her hand, 
meeting witli far less re.‘’i.stance on their way to tlie g 'uting outlet, 
are «ucked off through this latter and carried down to tlie grate. 
The regulation of tlie partial ..laitor* action of t his producer has already 
heeu described on ]). 2(). , ' i 

JCiie ."'fyantages of thi.s type of ]>roducer seem to he in the effective 
drying'aiid distillat.ion of the raw peat, by rieiiiis ol hot fuel gases, 
and that tl.'.N'e latter penetrate the fuel in a horizontal direcl.ion aiid^ 
thus under a ,esistance which is, it. may he said, constant. I hanks 
to the good ipialities .if the ]ieat-ash. the care ol liti' rie.nv sid<‘ grates 
is soeciallv siiniile ; the raking out of the ashes iisiia.lly takek (ilace 

I ' 

OllC'fl-jf (In.y: 

Gas analyses and tests of economy wliiidi have been earned out 
have been given or p. 21). 


'Pintsch’s Coal Producer, 

This tirin. too, carries out tin' gasifici^tion in a. niiiilber o,’ its 
producers for bitiimiuous fuels on I he |irinciple ol the sul king a>\ay 
of the products ol 

,u„+;ii..i;,.., ..nrl rtw.i,. P 



air enters through i . 

the pipe e in cons'equence of the suet,ion action of the I'neme. awl the 
gas «ass*e.s off through the outlet g. The ctosed va|)oriser supplies 
■ Steam at 1-5 to 3 lbs. pressun, which is conducted to the nijector K 
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througli the pipe h This .sucks the distilled ^ases out of the con¬ 
tainer C, through the pipe i, and pres.ses them in under tin* grate f, 
above which /,hey arc consumed in an excess of air, iu order after¬ 
wards to beveduced farther up into carboin monoxide and hydrogen. 
Tin •ough (he outle<; g the engine thu.s sucks out lar'-fie<‘ ))roduA'i»gas, 
which is afterwards cleaned and sooled* in the (iidinary way <je.fore 
be'mg used. , 

i * rho ujiiount of iJio gases wliich are in tins manih r 
under the grate can be^gulated either by a. valve in ilie gas-piping 
^bove the injector o^ by varying the amount of steam. « I'll the latter 
case the w'ater-supply'to tlie vaporiser is adjusted. 

In newer (le,sigifs the grate has been omitted as nnncce.ssaiy, and 
is replaced by a ring-.shaped hearth, greater in diameter tliai^.lie shaft 
(fig. .31). The distilled fuel thus rests directly on tlit bot^rfnn of»tlie 
hearth, and the coiuhnstiitn-air and the distilled gases ai'e led in at 

0 an^ p< Pintsch's latest 
jirodncpi .s also .show a \Vater- 
seifh'd ash-pit, through 
which the ashes and clinker, 
especially from (he middle 
])art of the Inairtli, can con¬ 
veniently be removed.* 
Jfnring the .starting by 
means of ( he tan, no proper 
transformation of the dis¬ 
tilled gases into’jieniianont 
ones can, of course, take^ 
jilace, for which reason they 
are simply blown upwards and are permitted to mix witli (he other 
gas. In some cases, trouble has ln-eii causeil by the unphtf.saiit sn*:,ll 
of these gasen^for which rcasdb the blow-off pipe is nowadays pro¬ 
vided with a burner, at which the gas Imrns contimionsly. 

As regards the efficiency of the producer, the firm itself states*that 
it amounts to about 70, 69„and 64 per cent, with full, three-riuarter, 
and half load. The composition of the Vas ^nd the yield obtained 
with this producer aA; shown by the following results of te^ts with a 
150-H.P. plufit. • , , 

♦Tiie combpstjble components ^f tlie gfis consisted of 8-6 per cent, 
carlron dioxide, 18-3 ^er cent, carbon imuioxide, 14'() per cent, liydro- 
gen, and 0 6 per cent, methane. The coal employed contained 
%76-74 per cent, carbon, and had an Jffective heating value of 13,050 
B.T.U. per 11).; and itfwas'shown that 1 lb. of coal gave 83 cubic feet 
gas witli a calculated'ffectfve heatfng value at lit) B.T.U. per cubic 
foot (at 14-7 lbs. and 32° F.), so that the e'fficiency of the producer 
amounted to 



.83 x 110^ ,^0ver cent. 

13,050 
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In the producer described aBove, a great number of dtffercnt 
kinds of coal, as well sis lignite briquettes, jjpat frith low percentage 
of moisture, and raw, wet lignite, wood and moist peat, mixed with 
coal, anthracite, coke, etc., have been successfully ^gasified. The 
limits q/! size for coal arc l^iuelics and 6 inches; l.lie bpst sizeis 11 inches 
to 3*^ohes. The amount of ash must not exceed 1(1 p<'r cent. 
Caking coal ought (frthcr to 1)% mficed wit.hiuon-cafring fuel, such^ia 
anthracite, coke, peal, lignite, etc., or elBe'must he gasifu'd in .speciallji i 
high'^urnaci's in which the heating and i(|is(ilhng take place more 
slowly than,in the standard producers. 

•Deutz’ Lignite Producer. 

Thn-r ;,'ti od^f operation of thi.s ])roducer is given on p. 28. 

Tlic gas plant (fig. 32) consists of the producer A, with it,s blow-off 
pipe, dust-collector C,,the scrubber D, I hfr pqiing witii fan, change- 
valveq, drain box, frastc pijic F^and a watei-se|'arat()»F. 

The producer is charge'll from above, through one or uqire opening.^, 
in the head, which are closed by means of .sand-sealed doors. Through 
the opening B, in Ihe middle, secondary combustion air lo%the ugper 
combustion zone is sucked in. TTic furnaP.e is easily accessible tor 
cleaning, both through the openings lirst me.iitioiied aijwell as throligh 
soniefr'ovei’ed cleaning-holes situated abovi' the. ga,s-n*ille(. Between 
the gas-outlet and the dust-collector the main }>iping i.s partly lineti 
with flre]iroof material. In (he dust-colleclor the gas i.s freed from 
coarser pa.iiicles of ditsl and q^sh^s, whieh fa.ll down into the water, 
here forming a water-seal for the producer. After the gas has jiassed 
♦he scrubber, its path, with ordinary operation, is lirst through the 
reversing cock and a U-shajied, upwsftd-turned bend ol thi“ main 
.piping, through a T-pipe united wil.h the same, and biuilly through the 
wiJfer-sepaiStor. 

After a .stojipage, the development of gas is a.ssisted, itner the cocks 
have been reversed for blowing off. hjl nicua.v oj nt atr wto ihe 

producer, liy the help of the fan, whiefi presses out. the gas through the 
waste, pipi' E. During the ^topiiage itself, howi'ver, the combustion 
in the prodnciu' is kejitfrip in the usual way li? natural draught. , , 

In statting up the plant from the cold, the following nietliod is 
used.' On the grate tlufl'O is ,spre*d a layA ol wood afrd sliaijjngs, 
and, OH top of that, coke 1| inches in size, untif t he stiaft, with tbcexccp- 
tion of about 10 inches, is iilied by Ihi.s fuel, omwbich again there is 
laid wood and shavings." Then tjje sernlib^r water i.s lufned on, and the ^ 
main change-valves revei'sed ; the shavingsjiotli at the top aiufat the 
botton. ot the shaft are ligliti'd, i^d, finally, tl/- fire is made to burn 
briakly by means of tbfff^n, the ash-pit doors and the charging-covers, 
as well as the blow-off pipe of the nrodiicer, being Ifepl •pen, but the 
fire-doors being, on*tbo contrary, kept closed. When the coKc at the 

* .4* Eckardt, Dk (IcumaxMne, i^sondetUil die f iertnkt-(!iimm.ichine, etc., 
1908, p. 61. 
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top is'evenly incandescent, the charging with hriquotfos can begin, 
the abovc-menlionell doors being closed tmd the connection with the 



blow-oii pijte shut off.., AVhile llu! fan is ince.ssantiy kept in mption, 
tlic gas is tested in the usual way, both immediately after passing the 
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fan and on its comijig to the engine. When tlie gas burns steadily 
at the last-named place, file fan is stopped) and the cocks are reversed 
for ordinary operation. 

During the working there is usually a 2-juch to 4-inch vacuum in 
the producer, and a .^)-inch to 10-inch vacuum at the engine. Pl»,n^,.s of 
more than .hOO TI^P. usually reipiij'e a stnuigthening of the suction 
^caused by the engine, whilh ts obtained by keeping the fan in motion 
•rluring tlie working too. 

In the producer now»(lescribed it is said that. peat, with lesh tlian 
20 per cent, of moisture can be gasified. 

Loomis-Pettibone’s Suction-Gas Plant. 

The producer A (iig. 3.3) operates on t.he inveived (;p«i'o,.'^ion 
principle (c/. p. 27) aiifl in accordance wit.h the suction-gas 
sy.stem. Dot h the pr/rducer, the .shell of which is/if .steel-plat e, and 
the fire- and ash-pit doors are, lined ffith extra fireproof brick.. Tlie 
grate, which'is cupola-shaped, is also ol brick. 

The mi.vture of air ami steam is conveyed to tV to]) of the ])roduc.er 
throt.gh a Jentrally-situali^d eyiindor juovided with a rotatable cover 
throiigh which the fire can he inspected. Tl)e fuel is put in through 
several openings'in the producer cover. B is a combined vapi,>riser 
•apd air pre-heal.er. Tlie heated gas enters at the liottoni and streams 
througli a wdde ])ijie on its way upwards, and through a large nundicr 
of tubes on its way down to the gas-ontlet of the a])|>aratus. The 
supply of water is ailjnstcd by mea'iis. )f the feed-water lygufator G, 
automatically controlled by the vacuum varialioiis in the inlet ])ipe 
for the mixture, of air and sj.eam ((/. p. 73). The water mea.sured' 
off is allowed to run down along the large gas-jiijie froTii a groove' 
arranged around the to|) of the same, in whieh process it is vaporised 
and then niirtd with the air \<hich is sucked in at the bottom, and 
Ircated by the tubes. In the upper jiarl. of the coke-scrubher C, the 
gas is dried in a layer of drying material (K.xcchsior) before it arrives 
at the filter E. , 

Producers according to this system gasify both anthracite and 
coke 'ai: well as liitiihiinous fuels, such as co.iT, lignite, wood refuse, 
etc. According tb the gjjarantees given h)/the linn, the oflieiency 
reEmlR's about 81) jicr ceijt,, and fliere iii, obtained by the process a 
sufficiently tar-free and well-cleaned guf. 



PART IT. 


CHAPTER I. 

INTRODUCTION. 

TiiK appcaMm-o in 17(59 of Wati'.s st<’am'(Mi<;iiU' iiiau^uuvatcd a new 
epoch in t.lie history of human invention, ({eiierally il. is 

to this ingenious invention that- we have to ascribe the wlioh* Sh'ans- 
forffi a1iou of t h<' et'oiioiiiical li(<' of llic world fliat liai^since taken place. 

Diii'iiin the time that lias I'lajised since the invention of the sleiyn. 
eneinc, it has been more and more jierfeeted ; but, in s])ite of all im¬ 
provements, it utilise,s, when a^ its best—which it .seldom is,—only 
abo"t 15 per cent.' of the avaflable eneray of the fuel. At- l!ie present 
, moment it. lias to eomiiele with a rival that utilises up to .'iCi per cent, 
o', the eiierey supplied. The I'ompetilion cominenef^l with the intro- 
dactioii of eomlnistum eneiiies taknipi; for tfiinr slia^e tlu' small units 
■f power-.the jiow er neiided lor sif.alljndiisl ries. Then came tlie turn 
ol the larger units. Still, the pas-enpine kept itself within the limits 
of a few hundreds of lior.se-power. Then, duvinp the eouv.se of a ftw 
yetff's, i1 lound it.s wav into iron- and steel-works, where it made 
nse of tin; pa.ses wdiicli, hitliin'to, had b'cn utilised only on a sniaJl 
scale, or with poor t^lTecI* lint lun-e prealvr power was demanded. 
Under i»ilieard-of dillicullies, techniciil skill .sifececded in pfodiiT-iiig 
the iiece.ssnry engines ; n»)lved, atl^a.st, the most priTiiiincfit dilficulties ; 
but, in doing .so. it had tit Revert in iiianjj |•(‘spec(*, to the. |)itfi(.*ploH 
of design that had been jjdojited for the n^iderii coalnsaviiift and 

reliable steam-engine.s, • • 

After having been a.])pliei? to .sliitionary engines, it hi«.l to bf 
applied to the most im))ortaiit of all—the loe nnotive engine. Here, 
too, .small ainounts oipower were at flrSt all ♦hat were needed. The 
sport and pleasure indiislrie.s united, and .small pelrwl motors were 
mounted in boajs and earriagt'.s. These wwve* merely niteresting 
experinwints, how'ever, but the work* of remedying ,shor1^;omiug» vfent 
raptdly forward. At the present day the rflotor-car and the motor- 

^ Tests with slcsm-locc^offiles have given fis much^aa 23 per ccryt. 
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boat are already witely ^mployed as mop.ns of> communication, and 
internal combustion engines have already improved so greatly (.hat 
they are inakitg their way into every navy. A.h yet, it is only the 
submarines tlial. I hey have oonquere.d, but tlil>y are well on the ^ay to 
take over all swift-going ves.se!a of smaller size, toipedo-boats to jitigin 
witji. And after having been adilptejl "l.o the n'-ieds of (lie fiRliing 
.induslry, the ifiievnal eom|'mction engine is now being adapted to the, 
lieeds of othei' vessels of si|rialler and medium dimensions, 

From this sliorl revidlv we lind liiat combustion engin(;s have not. 
fnly opened new Helds of ojieration, but are now^ also j’'ushing their 
way into^ places wliere formerly the st'.eam-eygine. was .supreme. 
•One might be i'li'elined to Hud (he chief reason of thi.s rajiid success in 
the fact that combustion engines utili.se (heir fuel Sjj mu^-*!'etter. 
But, whatever the impojt.ancc for (ho .suecess of a maehine-f ype'Yuel- 
economics may be, there are'bther jioints of vlewtwhieli are as weighty, 
or even of moretimpoilance. It not ;^ldom huppe'jis that (he hjglier 
or low'cr price of the fuel used, or some ])ercenfage better ulilisatiun 
of the fuel in the one maehine or the other, is of less iniportaiice 
in comparisyui wit h .such points of view a.s the cost juiee of ihe engine, 
the amount of attention reif.iired, the demands of space, and, in certain 
case.'fl weiglit,and-f-fi]'st and foreniost—reliability and ea.se in regulation. 
It is not- any one of these points ol view but, all of them (ogethei wfiioh, 
'in-each special case, decide which kind of engine should he tliought of. 
It mii.st. be said in favour of the steam-engine that it is not, so very 
long ago .that, in very many re.spec.ts^ it- was unequalled, especially 
with regard to reliability, ease in regulation, and the pds.sibility it 
allowed of overloading. During the last few year.s a great and gra,ti- • 
fying change for'the better hif.s taken place in this rc.spect as regards 
combustion engines. Nowadays, the gas-eiiginc, as long as it is 
supplied with suitable fuel—which, we are sorrj- to say, is iiotfalways tile 
cheapest—and' if it is ])roperly attended to, gives fully satisfactory 
results. Btill, it often demands that the load shall not vary too mucli. 
As far as regards small oil-engines, at pre.scut they suil'er very generally 
from certaiu inconveniences ;'l)ut it is to be g.xpecled that these engines, 
too, wjll very .shortly^■,ltl^lin t.o a higher grade cf. perfection. 

In vv'liat has ji^st lieen said, the, steam-engine has been ‘.aken as 
the stjjiidard'of 'Comparisdn, and iiii tiie follofving pages we shall iiiid 
how'' the advuntaj'es and 'the disadvantiUges of internal combustion 
engines arc, in the mo»t intimate way, b»und up with the diil'oreiico 
in the working df these two'kinds of,"ngines. As a matter of fact, 
\;he. p;fiiioipal difference is that, in the case of the ste.am-ongine,, t.ho 
heat-energy of the fu4l is liberated, and t.ransferred to the working 
medium (steam) outside the engine it,sell; whfie, on the other hand, 
in the, case of<the pombu,stion eugii^e, the heat-energy of the fuel is 
liberated 'within the Cylinder of the engine. In .this fact lies the 
fundamental! cause of the triuitiphal progress of the eonibustion 
engine; but herein, too, lies the secret which still hinders its further 
development. ' 
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PRINCIPAL POWER-CYCLES OF INTETINAL COMBUSTION 
ENGINES. 

I. EXPLOSION ENGINES. 

TTiC real IiikIov;* of iiifpi'fial c(yiil)URtioii ongiiutK hogiiia with the 
yoai' 18()0, wh('t\ ii Kroin'liiiia*!, Lc/ioi,, c.fcmo foTwatti with a f'lis-^ 
-'jieis’i-iiK'fi (iiaiiu'fur oylmdci: :uk! 5'1-iiicli .stroke, wliioh, in a* 
lii“hei' (lejjiee llia.li lielore, atliaeted iiU.entiui l(^ this kind of engine. 

It worked wilhoul.ti.onliiig jii(d;et, was douliie-aeliiig, and provide!^ 
with eleel ri<; igiiilioii. As, however,the engine wArked w it hoiil coinpres- 
sion of tlie e.liarii’, a*id as it was niijierieet in ot1ier>i*\S|'ieef.s, it was, 
veiy uijee.oiuinijfal in us winking. .4n improvement. \va.,s nui.de. in 
1877', when Olio's lour-sti'oke gaso'iigine made its appea.rane.e, with 
eonipression of the eli^irge helore this lal.fc‘ 1 ' was ignited close to thc^ 
dead cent tin 

Ttie principle oil wliieli Hils engine viorked, and ^w liie.li, eve(j 
t o-day, IS the one ii:4istt eniploved, is called l\iv, fovr-slyoke cii<‘h\ or 
fou-r-cjjvli'. Soniellines it. is ahso called the Otlv ri/cfc, or tlie Bi:uu tie 
Jliii'kas lujiir. The lattei name cTniies [I'nii tlie fact, tlial a h'ft'iieli 
eiiginecr, Aljihoiisc Bciiii i/e llniliiis, iii a, little pa.iii])hlet. ptiblitihed 
in Witid, laid down the theoretical iuiidaniental priyeiples for a gas- 
ciigine which skouhl, in theriiial respects, give economical results. 

The FojjriStioke Cycle. 

llrstindive of this priiicijilc is the double employment of the 
’piston, viz. both as pump- and as workmg-pistou. 

Lei, in the indicator card (lig. 154), the volume ij the gas present 
iji tlie cylinder at dillerinit, parts oj' the stroke be measured along MP 
beginning troiii M, and tlie pre.ssure of*,.he gas along MN,..,aLso reckoned 
fromM. Let AB be the atmospheric line. The di.stauce between A3 
aiidJflP, =-AK, is tlieii 1 atm. MK is a measure of the, compression- 
space ol the engine, and AB a measure of the piston displacement.'- 
The working ol the eimine ts then as follows ; 

LsI stroke — the sumoii stroke .—Thu piston, at the beginning«of the ' 
stroke, is at A, and thy inlet-valve is opcyied siiAultayoously or a 
littlo before. When the [listoii mofes outwayds towuj'dsB, the (.d*iiy;e * 
is drawn into the cylinder. * But, as this suction is attended jvith 
resistance in the jiipe.s and t-alves, the jii’ussurJ iii tiju cylinder sinks 
somewhat below atmosplieric ]A'e.ssui'e, and is represented by fhe line, 
AHL. When the, jiiston has eonie lo the,*eud of its stroke at B, the 
inlet valve is closed, t'ye piston rf.turns, and 
• # 

^ By Uie pi.'iloii (I IS placement ia tho volume iupvod’througli by tho 

piston during ii.s litroko ; i.e. the effective piHt(fti-area (pialoiVrod area 
dcductod*) X longth of .stroke. 

'■* Idio mixturo of gasos and air tlfciit m, or has boiAi, drawn into tho cylinder, 
and which has not yot boon brought to combustion, is frequently termed in 
the following pagos,*i/te charge or the explosive, chc^rge. 
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The 2n<l drokc, = Ihe^romjjrcssiun sirulSs, begfiis. The piston moves 
ill the directi<;ii from B to A, and in doing so compresses the charge' 
witiiiii. The pressure rises along tlic curv^ LRC. When the piston 
has ended its streke again, the, coiniiression-jiressure, is repmsijnted 
by AC. Its amount is determined chieHy by the volume of tliQ com- 
pr.’ssion-spaccp MR, rvliieli, in every case, must lib kept so large that 
'the linal comiiression-pri'.j nii'e,' AC, does not reach that height i^i ^vd iich 
sclf-igiii1ion of the gas t.^lfl'S ])laco. .Just before the ])i,slon iia.5l^hed 
its I'lid position A, rtie gas is ignited liy an electric sparki; let ii.s say. 
The charge now biiras ha.stily—“ e.vjilodes,”—wlierebj ibe pressure 
more or .'css sjiddeidy rise,s to D. The piston ti¥'iis, and 

Thu 'M'd stroke — the exjmnsiun. stroke, begins. I> 'ring this stroke 



tlif gas drives the piston outwards, during whildi process the pressure 
sinks along (he yurve DE. About 30°-()0“ before the drank has 
reaclgijl the Suter dead e^utre, tbcie is opene'd at E an exhaust-valve, 
■wheyeon the burned gases fjuiokly streani'out, bringing about aloworiiig 
of the pressure to F. <•' ' 

^ ‘ith stroke = fhe exhaust stroke ,—IVie pistoit moves inwards again, 
driving the bui'ne.d gases btfore it out into the open air, through some 
silencer or similar coptiivgnce. This removal of the waste gases 
from the cylinder is called scavenging. The pressure is represented 
by the curve ‘FGS, In the ueigiijiourhood of A the exhaust-valve 
is jlosed and the inlet-valve i,s opened, after whiebthe jiower-cyck or 
.working-cgcK.'oi vgele, a,s it, is vafiously ca'led, begins once more., 

It is seen from wbat has been said above that, out of the four 
strokes of the piston, there is only one-l-the third—that is a working- 
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stroke. During both ^lie fifst and serond, Kis well as the fourth, 
strokes, the piston must be driven along by that energy which has 
been stored up in the dy-,wliec'l during the third stroke. Partly on 
this ae(:#iint, and ]>;ii’tly also because the explosion-pre.ssure employed 
is considerably higher tluiii the steaiii-prc.ssure in tlje case of .steam- 
engines, the fly-whee! must be nuidJ eon,sidejiibly heavisjr in the ea*e 
of ga,s-engines, even when other eoiiditioVsliire alike, hi order to 
obtain smut) dimensions of the fly-wheel, no.llyng is so iidvantngeons 
as to use eiHier double-acting or multi-eylinder (’ngiiies, iuul, sibove 
all, to run tlie engine at a high number of is'volutions. 

It is al.«o (lesiral)le 4o olitaln high explosi()n-])re.‘*Kur(mind hjw linai 
expaiisioii-pre.ssuiV Rapid eonibuslioii i.s therelore desirable,• and 
this makes <he iyliitioii apiiaratus, as well as the eliaraeter of the gas, 
of great importanee. As we shall lind la^er on, it is of the very 
groate.st importance to Viiijiloy high compre.ssioi^-jire.ssuro, .small 
coinpr(*.ssion-s]Kice. 

As cun easily be seen by the tigure, the area A C D E PB A rcrjire- 
sents the work done by the gas on t.lie piston during the expansion 
stroke, and the dillerenco betavecn phe areas R G C A R am? L R $ L 
(R is that point wliere the comju'cssion-curve cuts the atmo.spheric lure 
AB, aj^d G that w here the exhau.sl- and the com])i'essiomTiirve,s cut each 
other) represents that work which, during the comffl'ession, has to 
be overcome by the fly-wheel of the engine. Consequently, tliiT 
mseful work during these l.wo strokes is repre.sented by the area 
LRGCDEfL. ] tilling the exji.a’ust .stroke, a work F G S A B F and, 
during the .suction stroke, a work A H L B A mu.st also be overcome, 
fAim whieh it is evident that the a.rea F G S A H L eonstitut.es a 
non-eflicienl work, representing the pump-work requirgd. The difier- 
^nce between these two areas, LRpCDEFL and F G S A H L F, 
wilftlius constilut.e a iiica’sure of the iifdicated work. however, 

the area L R G F L is common to both these areas, it can eipially well, 
be sai^l that the indicated work is given hy the difference betw{*en 
the areas G C D E F G and L R G S A H L. ^ The area enclosed by thi‘ 
linc,s of the card shows her(>,«too, as in thc*cafi,e of the steam-engine, 
the indicated work. The dillerenco is merely thai" in the ca.sc (jf'th* 
foui'-,stroke*eiigine, Ihe indicator card consistij of tw(» ditfi;j'eiit areas, 
the snuiller of wliieli iniisf’be.Bul)traAted froin the lai'i'er. in 
these two areas arc shaded. 

As, however, the indicatof springs, whieh hive t(^ be employed 
witli tlie high pressures ifhich ocelli', are alfogother too stiff to b(|| able 
to show the real anuunit of the negative work with any degree of 
accuracy, t his work is either often no*gleet-pd,w it i'^indicated separately 
by the help of weak sprifigs, in which case the indicator-piston is 
provided with a stopper. Without, this precaut.ipn«the weak,spring 
would, of course, be llestroyed. 

As jihe inlet- and exhaust-valves act only at e.very other Icvolution, 
it will be understood that the vi|lve-motion cannot be brought about 
by the crank-shaft, ^ut that an extra shaft mijst be arranged for the 
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pin'iKiSf. Ttiis Ko-ciilluil lay-shaft, or ca^ii-shaft, is driven by means of 
ecmimoii ■;pai'-ivhoels or spiral gear-wheels, in l,ho jirnpnrlion 1:2, 
i.c, with half the number of the rovoliitini^s of the erank-ahaft. 


The Two-Stroke Cycle. 

It has long been joitsiderc.'d a defect in the four-stroke, cycle 
that only everv fourth jlitroke is a woi'king stroke, and. .leTi^’e, an 
elTort has been nnide t') alter the working so t.hal., as in Ijie ease of the, 
sleain-eiigine, the |ii,ston should get a. power-iinj'ulse I'ifr every revolu¬ 
tion. .As was shvwn bv what has been said iy the foregobig section, 
the (yigine. i'i”l lie ease of a foiir-st i oke eyele, acisai'.a |iuiii]) during the 
first, and foiiiih strokes. It is clear lha,t this partfiol thi» cyHe can, 
however, be tiiriK'd over f.o a special puiiip-evliiider. which in this 
e.ase can. together with t he apparat us belongiiiLg to ir, be built consider¬ 
ably light.er tiiid simpler l.han tlui, working e.yrimler, and wjlli le.ss 
friction-resislanee. In this ea.si' only eo.iiipre.sstoii a,iid e.xpaiision 
take plain' in the working eyliiider, and tin''desired end is Iheveby 
aUainedf The jiriee of this, hojvever. is an e.vtro evliiidei', an e,\tra 
pystoii, eoiineeling-rod, ihe. Thus, regarded as a whole, the engine can 
scarcely be covsidereil as siiiifiler; on the contrary, in soine eases, as 
more delicate! It- can be advantageous soniellines, however, to 


‘employ such .an arraiigeiiient. 

In the case of small engines, the erank-ease is usually (iiined into 
a pump, ill which ease the iippi'r .sido ijl I he piston sei'ves as the w orkiiig- 
pistoii and the under side as the punni-pisloii. We sfiall return to 

llie, e.onst.riicLions ein^iloycd 
V in sueii eases wlien we come 

J A t.o dc.scril)e the various tj'pi*.. 

; \ fif engines. * 

\ Fig. .’55 sliows an indica- 

\ tor card of a tiwo^-stroke 

engine. Wlieu, during its 
exiiausion si roke, t.ho jiiston 
relcliuK E, tliere are oiiened 
eitlier narrow ilorls in the 

yi_|__^ -_/L Vails of the cylinder or 

^ 7 - ; -T'Ti/aVy- the head, after 

‘ J I wliicli tileiire.ssurc suddenly 

.j,; siliks to a fraction of 1 atm. 

t above atniospherie, pressure. 

As soon as the pres,jure iyis sunk,so far, tliere arc opened, at a later 
position of the jiislon, otlier ports or valvwi elirough wliieh the charge, 
or tile air rbspeiy.ivcly, sf.reams iijto tlie cylinder. In this proce,ss the 
greatest possible effort should be made to get tife fresli charge, or air, 


respectivifiv, to pus^i the gafos which arc already burndd, in front 
of it without mixing with these latter. Then, wlicn the piston has 
reached the dead centre L, it returns, after which compression begins 
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as soon as the ports or»va.lvo» have been closiid. ^n other revspeots 
the conipressioii, c.ombiistion, and expansion take jdace as in a four- 
stroke engine. 

The Six-Stroke Cycle. 

> 

When, in tlie (.’ase the lour^strolxo cyle, tin' w(U'kin^ piston ha# 
(;om])lete d its fourth stroke arid is at the (Vatl eeiit.re A (fig. lU), it 
lias dnvi^/Oui. of tlie e.vliuder a volume (il, burned gases — BA. 
But, on tlie ether liand, tlie wliole of (he coinprei’simi-siiaei' MK is 
filled M'idi such tiieil gases. The charge wliieh is drawn in vvitli ifie 
next stroke* beeomes, Uierefore, diluted wit h lliesc’rcnji^iidcr)ii. and 
so t.lic coiiihiist.ion^ ini|)aircd. 

Kor this rca,soi*soim' Bngli.sh dc.signcis have put two extra, punip- 
.strokes hetweeii the bmit.li and the lii.st, st^'okes. During the fiftli 
stroke tfie piston dravis i.h fr<‘sh air, and during t.l»;,si.\tli it driyes this 
out a,gaui. When the c.yele once inon- begins, the eomprc.s.sion-sjiace 
is filled with puie air, wlinili, of course, i.s of advaiUa.ge foi‘the cdni- 
bust.ion of the gas alTerwards drawn in. By this arrangement the 
power of file engine has been diiniiiislied, liowever, and extraTriction- 
work lias lieen inirodueed. On account of lliese and otlier lueoft- 
venieiiD's, siieli engines are of lit,tie account at the “present time, 
especiiniy as tlie size ol (he eompre.ssion-space and, cofisecjuently, of 
the amount of gas that reniain.s, becomes smaller and sinallei' the 
higher (he compression is driven. Now, a considerably higher coni- 
pression-pre.ssjire is employed tln',n Vas (he ea.se when the six-^troke 
cycle beg'aii to be employed, so that there are no, or very few, engines 
110 % built that work on thus principle. 


We. sometimes iiear engines .spoken of as built on the onc-strokc 
cycle, s'ljftlcm. By this is meant an engine wliich gels oni' power- 
i.n}>ulse during every stroke. A two-stroke engine with two single- 
acting or one double-actiim cyiinder is, t.hei'elorCj a one-stroke, engine. 
According to thi.s iiief.hodVif speu.king, a four-st.i'ok(.»engiiie, with Jaur* 
single-acting* cylinders, would thus iiocoine a one-sfroko engine. By 
employing still more cyliiidi'rs one. could get lialf-i,trok(\ ijuarier-slr'iice^ 
engines, etc. Iiioiii’opiniou tliesi'titles are exceedingly iiii.sleading, and 
should never be employed. A*i the expressions two-stroke ” and 
“four-stroke” a,re now u.smilly einpkiyed, the^ expres.s the nature ojthe 
cycle that takes place in t he cylinder of tlie oiigiiie. But an engine built 
in accordance with the one aystein is subject,to (luBe otlier conditions 
and otlier priiicijile.s of de.^ign, and is even soiiietmics confined to quite 
other kinds ol work than an engine l;uilt in accordance with the^other 
system. The exprosaions, “ one-” and “ half-stroke,” liowever, siiy, 
nothing abo\it all that. They expre,ss bnly the,number o? working 
strokes*per revolution; but this iJ of very little use in judging an 
engine, since it is by'no meaps 2n unimportant matter whether an 
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engine works w'ith, tor example, eigltt sinifle-acling {our-.stroke. or 
with two dpiible-aihing two-stroke cylinders. 

• n. CONSTANT-PRESSURE ENGINES. 

This w'oi'kiiiir-ii'ethod has giijiiod irtipovtane^ through tlic ilivention 
of the Dicud m'oUir, Tlu,' piston di^iws in pure air and compresses it 
to liigh pressure (12r)-r)IO flis, per square ineli). After ’'oiniJjing the 
dead centre, Iheir^ i.st'rijecieri (hy means of air still mm^e lughly com¬ 
pressed) liquid fui‘1, s\'hicli is finely divided in the cpfiiider, and, by 
means of the liigh tenqieratnre produeed Ijy Ihe^'eonqiressioii, is 
ignitdtl ai*',l lAinied. The eoustrueiion • ()!■, ilie fifel-adnii.ssion 
valve causes the eoiiilmslion lo f.aki' jilaee at a■''oniparatively eon- 
slant pressure. After this the exjiansion begiiii, and. fiimliy, the 
exhaust gases are expeHed during the foiirtii stroke. The indicator 



card (lig. .‘ili) has, it will be semi, a veseiiibianee lo (hat of * steam- 
engine. ft is clear that.this system can also be combined with the 
two-strolvc. 

*rhe first iicrson to use the, I’onstant-pressure cycle was the American 
Bntijln’ii,*\,\'ho, in 1874, constnieted petrol-engines in accordance, with 
cycle, lii s enginf was very iniperfeet, howover/and no use was 
made in it of contjtression-ignilion. ,Thi' constant-pressure method,' 
however, can only be made use of for liijuid fuels. All gas-eng'ines, 
on Kite eontrary, work by e,xplosioii—that is, by combustion at constant 
or comparatively constant volume. we 

Oil-cngincs w'orhiiig o‘n tlic cohsl,anl,-pro*'surc cycle arc, in praoti^i 
somewhaUmore advantageous fi'om a, i.hcnnal point, of view tlia'n good 
cxplotiiou engiiios.* The i-cason Tor this lies partly with the nature of 
' the cyclt* but mostly with tjie, better combustion, the smaller losses 
cau.sed by cooling, 'tlio comparatively small eompression-sptce, and 
the consequent better scavenging. 



CHAPTER II. 

GAS-ENGINES. 

I. GENERAL DESCRIPTION. 

• 

When on now ])i'in<'i])l(‘ first, appear,in the 

market,'•the dificve.nt make.s .show,»a.s a rule, ma-riy important varia¬ 
tions from eaeli other, is epiite naturai, as at. lirst ttiere are 

alway,s certain difficullies that have to be overcome. 15veii if the 
end in view sta.n(ls out. clearly and d«st incflv,^ dilTerent desinfier.s t>y 
to reach it in different ways. Conilm.stion engines, duriny the I'on.'r 
parat^dy short, t.inie they have been on the niaikct, h.tvi' undei'yone 
a very c,he((uerod course of development. 'I'lie yreat minfber of ]iatents 
taken out whi'ii a new industry comes into e.vistence also (‘ontribut.es 
to still further accentuate the dilTeviniees. Rut file older an industry 
beconie.s, tire yleari'r is seen the \\iiv*tliat niiist be followed in oitler to 
reach the desired end in the best and simplest wav. Ivven now, yas- 
enjines are beyinniny to arranyc Iheniseli^es into yrou^s, in eaeti of 
winch the types are fairly similar. The yrea,test dflTerenees are 
Wtose c.xistiny in the enyiiy.'s intendwl to burn cheap oils. On the 
whoTe, this condition of thinys indicati's that, ya,s-enyin'r,s already 
fulfil every rea.sonable demand, but that, as a rule, this is not the 
case as. reyards ml-enyines, or not to siieh a hiyh deyree, at least. 
We do not'wish to deny, of eimrse, that, imi^eli remains to be done in 
the domain of yas-onyine,'^ • 

That whjch' chielly necessitates t he great. dilTereift-c in con.sf.rmii^on 
between a steam-engine ai^il a yus-engine, is.,first of all,,the high 
temperatures, and also the, hifth pre.sSures, tlnjt are pii»|iloyed iii iAe, 
case of the. la.tter engines. The chief coii.sideration as regards tlie 
steam-engine is, as is well knowli, to Ho everything possilile to prevent 
the cylinder from cooling. * That pflrase of \V att s, Iveep the cyli^iHer 
just as w'arin as the live .steam,” still holds gJod to-day. In the case 
of combustion engines, on the other hand-, we,have to tleal with 
temperatures that rise to'about 3500“ F. When, therj^foTe, such 
enormous temperatures are allowcd»to act. on siyfaces wduclijinust 
continually, glide updn each other, it is at once evident^ that aa. 
.effective cooling becomes a mattei of the very greatest importance. 
It is true that cooliufj implies a c^rryiug-off of heat—in other words, 

lOi) 
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of energy—but this is a 
loss we cannot escape 
from. In order to always 
1)0 sure that the water 
washes over all ♦ul^. parts 
tlia,T require. coAling, it 
should always have its 
outlcl, at tlie, >'v4)£st point 
of the cooling jacket. It 
ne<’(i not lie* said that it is 
not eiiou*h merely to lead 
iif winter, hul. Ihat care 
niusi 0 “ taken to obtain a 
gooil and even circulation, 
and lor this rea.sou it is 
otieu necc.ssary to employ 
cast riles, or sonte other 
N* dj'vici', lor t he purpose of 
= leading the water along 
^ proper channels. 

The high pressures 
nece.ssitate, the cen- 

'c tral method of con,struc- 
g tion jio.s.sible. Tn the case 
o of gas-engines, tiierefore. 

S we find as a itih: the 
.'i <loiil)Ie-eolunm construc- 
I, 1 ion of I he fr.ame, as shown 
hi in tig. 37. The eomieeting 
g, rod eiigagiis in a cvinS** 
\Z shaft which is journalled 
on each side of it, with 
the bearings drawn»as close 
to each other as possible. 
I’die two bearings are in a 
powerfully Ijuilt frame, 
which is ca.st in one piece 
with the cooling-jacket 
wall. The inner cylinder- 
barrel, on the other hand, 
is a separate easting. This 
arrangement has the great 
^id vantage that it can bp 
ca.st of harder and" more 
durable iron, and that, 
when worn eut, it can 
easily lie changed for a 
new, one without its being 
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iiecesa<ary to renew any other part of the engine.o In addition to 
this, tile inner barrel can freely expand in a lonoitudinal direction 
without giving rise to any so-called “ lieat-atresses.” Care must 
be taken, of course, that g.ood packing is provided against the cool¬ 
ing water—a matter of no very great difficulty, liowt'ver. In the 
case of imall engines,,f,liis aiTa..geinent would bo tco detailed, so that 
for such engines the inner cylinder barrel is cast in one jiiece with the 
jacket wiij! . j 

In tli(‘ Yiu.|lier end of the cylinder is the ey'indei-head, which has 
been developedjn thy combustion-chambor, and lias also been pro¬ 
vided with valv.-chainbers. 

A groat iiiconveniei.ee attending gas-engines, wiiiclrk altogether 
absent in t hi' ca.se steam-engines, is that the gas is not. pure, whether 
producer-gas or biast.-furnacc gas be cnijiloyed. Even the air wliicli 
is sucked in from without is far from pure, ( oinparcd wit h the steam 
when it comes direct from the boiler. 

A jiart. of the dust (hat. conies into tlie cylinder wlieii gas which is 
not very well purdied isgisi d, mixes with the lubricating oil and forms 
a hard crust., which is anything but. beneficial to the dura.bility of the 
cylinder and of the pi.ston, and may give rise to pre-ignitions atid 
other dist.urbaiice.s in the workiiie. Till' valves espeeiallv may l,e 
preve^^.ed from closing at flic right, lime, in con.se(|uence ol the dust 
b'stening on the scat and stem of the valves. Even on tlii' valves of 
the supply pipes, which are opened and closed by hand, the dust 
fa.slens if there is too large a jiroportioii of it in the gas, the valves 
i.hereby get.tiiig dillieult l.o move.* f)amp gas acts specially luifavour- 
ably, as damp dust naturally fastens more easily than dry on the 
suffaecs with which it comes into contact. , During a slupjmge especi¬ 
ally, + lie damp dust, dries into a hard crust which, un.’ler unfavour- 
^ik^eoiidit ioiij^ may make ^he valvesistiolc, and so make, it impossible 
to st.art till' engine, h’or the necessary proportion.s of puiity of the 
gas the ri'ader i.s referred to p. ■'K!. 

In «rder i.o facilitate the. removal of dust during the, exhau.st 
stroke, the exiia,ust,-va.lve U i.s, in large engines, generally placed as 
far down in the cylinder |s p(^^sible (cf. fig. 8()).' In contrast to this, 
a(Mlfc few ofdier firnrs that build largo gas-engines j'^ac.e the, exhiAlst-"' 
valves at the top, or at the^ide, of the cylinde'') This'is to.’ practical 
reasons. In such ca.ses, howrwi'r, the lower part of nho eylindor*is> 
provided with a special blow-out valve, which eitjier is opened onljj’ 
now and f.hen by hand, nr else i,s aerated iroin the eiUB-sliaft of the 
engine, .so that it is openeS a inoinOTt during each eompro.s.sion .stroke. 
In such a ea.se, the huriit oil and the dust is'blown out, through this 
valve. Stioli blow-out ^dves are often fl.sed ivitli ordinary gas- 
enginSs, too—in which o.a.se,'however, they are opened only.every now 
and then by hand. 

The mos^ natural fSosition for the inlijt-valve V will now' hp direct'^' 
over th^ exhaust-valve, as in fig. ,37, and the iurther advantage is 
thereby gained that at each suctioji stroke the exhaust-valve is cooled 
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by the eold whic)i fiows into the cylinder, and over and around 

the valve. 

In the cfiustruction shown there is fastened to Ihc stem of the 
inlet-valve a combined {las-viilve A and( an air slid<^valve B, the 
so-called mixinfi' valve. When the iniet-valve B is opetu'i’ ^hy its 
earn, the inixin;|, valve is also carried downwiirds, thoreliy opening 
Both the gw-oaKal G and the a*r-])(J)t,s S in the valve-c.hiiinl)cr, the 
size of whicli i.s so proplirtiohed to the iireii of the gas-valy^that the 
gas and the air can he,arawn into the cylinder in sniiahjf' pfoportion. 
To make the gas-valve ke.ey) tight and to prevent valvt-hreakage, it 
i.s not fastene.d firmly f.o tlie inhit-valve, but is kept pr(#>.sed upwards by 
a spring, ani.i.s (iilriieil downward.s by a e.(.)l,leit as shown ir, the figure. 

It may as well be [minted out at once (lia.(. Vpro|K'i' pi'oiiortion 
between the amounts of air and gas sucked in is !i Vliiid condition for 
the good working of the ongine. If. i.s clear that the emistiuction ju.st 
dc,scril)cd nu"ht to, gimrantce the carrying-but^of Ihi.s condilioii as 
long as the air and the gas, whieh iS'c taken in ihroiigli separaW' pipes, 
are always exposed to the saiiui [ii'essiire. tSijcli is not the ea.se, liow'- 
ever, partly in conseipience of variable l■esls1ance. in produei'i's and 
elf.ansing ,apparatus, [ipi'tly iii«,eonse(|iieiice ol the inertia of the 
gfpat ntasse.s of ,i,ir and gas whieh are set in motion at evny suction 
stroke. In oTder, however, to keep the [ire.ssiire as const^nnl as 
,|) 0 .ssiblc at the intakes, valves are provided which can lie regulated 
by the, engineer, so that a projier proportion between the gas .and the 
air ean be. preserved during varying working conditions. 

Fill,ally, in tig. .'17, there is .sliov^'iir’iow the e.xiiaust gai{. after having 
[lassed ids valve, is led off through a pipe which is kept water-cooled. 
This should always bo doiugin the case of bet ter kinds of iiisf.ailatioTi.s, 
a,s an nnpleasc.nt radiation of heal into the engine-room is thineby 
prevented. For it must be rexiemberedphai. tin- exhaust, gases, a* 
.a rule, ha'.'e a temperature‘of about T.hd” F. The water-cooling of 
the [lipe contributes to cooling the exhaust gases, and llicreby to 
deaden the noi.se they make on o.scaping, ,as well as to lesscnj;hc re¬ 
sistance to the piston durjng the exhaust stroke. Thi.s remark applies 
more to small enmnes, however, where the (pooling surface of the pipe 
‘is Ik'ge in [u'opornon to the volume of the gase.s. ^ 

W(iter*is sofnetime* injected into t he ejjh!nist-[)ipc, in order thereby 
iteftool the e»haust gq,9es in a'sini]tk!.and effective mannei'. If, as 
is often the case, Imwever, these conUin sulphur compounds, such as 
sulphur dioxide, iSO.„ whydi, oxidisedi forms .sulphuric acid, such an 
arrazigemcnt cannot be eraployedj' as otherwi.se the [)ipe,s would be 
corroded. ' 

Just between IV, vahea sits the, elcctric^igniter, to which we shall 
return latc,r on. 

The valve-iitoti/ni is hrought»about, in Jill small and medium-sized 
"■ngines, ^)y means of cams, sej^ured to a cain-shafi, or lay-sJ^aft, running 
along the frame. This shaft is drjven direct from the crank-jhaft hy 
means of a worm-wheel gearing mining in oil, _ 
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n. THE ^RIOIIS PARTS OF THE E&GINE. 

The Engine-Bed and the Cylinder. 

The Engine-bed (■onsiSt.'i. as a rule, of cu.sl-irojt, alllimigli otlirr 
arc .soinol imes ciiiiilciycil, .sncli a.s oast-.sl^cl in ilic ca.se. of 
large enginc.s, and al».niininni alloy iiliosidior-hronzc for antnmohilc 
motors. , - 

Figs.,-41 slum' ilic oiigiiic-Iicd of a li-nlzontal engine of very 
jiowerfn! col^str■IlCf ioii. The frame is elevati'chas tmieli as p(),ssil)le, so 
that, the forceii^actn'Pg in tlii' hearings—winch, in the ease ol ex)i!(.>sioii 
engines, c.pnie fo a co^isidei’ahle amount,—can hi* i^eeeived direct and 
centralU hy the fciigiiH'-franu'. Many types of entfiiTcs are, very 
badly designed i ‘>' t Ids respect. Tn order to locate 1 lie centr<‘ of gravity 
of the side beams as near a.s ^lo.ssibh' to the forces acting on the 
beaiings, and thereby tn diminish as mile* as is fea.siblc, the t.en.sile 
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^tif'sscs caiisod by l-ho boiubn^, ilu' iipjier horizontal part of the side^ 
beain^ are consKlerably tbieker than the. vindical walls (see tii^. 41). 
For tbc same reason t lu' vertii'al walls of lar^e engines are usually 
made of inoreasing thie-knes* upwards. 

The Bearings are usually lined with some \5hite alloy. ^^’Onse 
shells art' sometiimes ompinvaHi. 

In the ease of large\fherp a Fioi luuMiing could '^luae 
great inconvenience, tlie heariiTg-shells are .somotiinos given a s]>hcrk’.al 
form, and tlien the bearings*ean ada])t tliemsei^n*s to^the defieetion 
of tlie crank-shaft. 'Hie wiilcf-cnoling *of the luuirings, too,^ is of 
great ini])ortan(;e, and has been employed «ven in ibe case of small, 
high-speed marine engines of n.utomobile-wiotn.r type. 

Th(‘ Cylinder.— Tii flv‘ case of smaller-sizc* engines, the inside 
barrel is generally cast in one j'ljece with tlu-^jawkel-widl in the 
larger oinis it is ni^de us a lons(' hiu'r. An Intlispensahle condi.'ion. 
ifl thijt the working-surface of tlie cylinder sliall he. tight and 

smooth and without blisters porous ]>laces. This condition is, of 
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cnurso, more easilj carried nut if the inner barrel is east separately 
(see p. 110). Very lar!*e eas-enyine cylinders aie cast eitlier in one piece 
with the jaclfct-wall (liy. 86), or else they are put toyeilier of several 
parts (see fig'. 98). Attempts have also been made to divide large 
cylinders in the middle, and to ])rovidc loose liners, in mueli tlip same 
way as in an iiir-]mmp of a eondeiAier, (.ioojl restdis liavj been 
obtained wifli sueli const ruetioils in S])ite of tlie poor cooling aetinii 
wliieli one would .suppfjjie to e.visti in .sucli a ea.se. 

Tlie material is easj-iron, (^xeei)t in llie e.a.se of certafa alitoniobilo 
motors for racing purj)Ose.s, where the cylinders o.n some lare oecasions 
are. made of steel., In the United States air-fiiniiiiv. nixl-irim [i.e. 
e„a.st.-iren ,sij,ic,lt.ed in the reverberatory furn.,ee),.is ofteii used for 
cylinders. ])istons. etc-. Sucb castings are ponreit.in grapliite than 
the ordinary ones, and—on aeeonnt of the snudlet amount of gases 
in the iron—considerabhf more homogeneous, and sliow a strength 
wdii(di yan be a.s niiieh as .60 per cent. mof(‘ than lluit of oidinary 
cast-iron. 

The Cylinder-Head. —In t-lds is enclosed ,the greater |)ail of the 
comhuslion-diamher. and it, is t herefore plain that its walls are exposed 
to ■■xceedingly high lemperal ure.si Here, then, the form it- will have, 
a-s,detennined with reference t-o Ihe water-cooling and durability, will 
be a mo.st important factor. In the event of the lo.ss of heat grising 
from the watef-conling lieing tlii^ oidv deteiiniiiing factor, an ailsunpt 
wonld be made, in any ease, to get the least- po.ssibh* cooling surfa-c,e. 
The body whicdi, with a, given volnmi', has Ihe haisf surface is, a,s is 
known, the sjdiere, and therefore't.liis ought 1o be dete,'-minaf-ive of 
the form of the coini)i e.s.sion-chaTnber. For const riiclive and oilier 
reasons, we ar<\ obliged, liowgver, to depart more or le.ss fioin -t his forfti. 

Tt is also piain that, in the case of engines that eonijiress pure air, 
and in wdiieh the fuel is not introduced ipto the cyliinlcr lielore ^t,he 
end of thg/ e-ompres.sion, tlu're can be no inconveniences liut only 
advantages as.sociated with .small cooling surfaces. But, on tlie other 
hand, this is not alw-'ays the ease with gas-engines. .'\s wc shu-!l find 
later on (p. 261), a high coiniiression is the first eondition for obtaining 
a good eficct. But, with the rising convprei^sion, the t-emperaturo of 
tne tliarge rises to\), and, simultaneously, t-lu' danger of prc-iiinilions 
(see p. 282), It has nqjv been proved tha), especially in the case of 
engines, ahbetter (^onomy Is obtained by not keejiing so strictly 
to the endeavour t^ obtain small cooling surfaces, but, instead, to 
work with higjier comprcssjpn. For this reason, certain firms arrange, 
in tlie combustion-chamber extra (moling .surfaces, for the purpose 
of thereby reducing the'remperaliure during the compression period. 
An example of this if shoivn in fig. 80. It is clear that a considerable- 
amount of Vat is carried off by tbi.s arrangcnicnt during the expansion 
stroke,.too; but\ a 5 „w'c have said, it has also been jiroved that the 
result of tjic compromise,—if it.is not carried out to excess,iof course, 
—appears its a gain. 

-■ylTn the case of horizontal engines, ihe constnictiou shown in fig. 37 . 
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has, as a rule,, becn'rpjained. Vifi. 12, however,*shows a (liflerent 
design. 

In the construction in qucation the inlet-valvo is iipencd early 
towards the (dose of the ofliinist stroke. But it is ,jn arranged that 
at the air-inlet is opened, while the giis-])iping is kept elo.sed. 

On account of the iivrtia of tlie e.'ihaust gas which’ ,s(reams out, a 
vacuum arises in the cylinder towimls tln .end of thh exhaust, .strol’e 
when thc,;isl-on diminishes its sjiee<l. 'riu' -dr now forces its way 
through tlie ihlet-viilve into tin' comhustioii-ch».mW'i, and pushes the 
exhaust gases l^efore.it, which thu.s ])ass 
off through^the exhausl^-valve. It Is clear 
that, under favourahle eircuinslanee.s, .such 
as with long and .'straight exhaust-piping 
and with a, suitalilc numln'r of revolutions, 
a far lictter ,sca''enging than usual can he 
obtained in this way. This idea was 
originat'd liy Alkinxan, and is siJbwn t,o 
be, in many cases, very sTrvieeable. It 
is evident, however, that this arrange¬ 
ment ili'inands an exact, practical Ifnow- 
Icdge of the ilimensions of the piping, as, 
of cot.i'se, th(' edert is drpi'iulont on the 
uioiuentum of 1 In'exhaust, ga.s. W'e can, 
thus, only calculate on any gain in those 
''a.se,s when the engine works wifli 14 speed 
whieli does Hot vary too much.* Should, 
orythe other hand, the piping not, be suit¬ 
able in sizi', it is cli'ar that we run the risif* 
of the I'xhaust ga,s forcing its way into Pn-y 42 . 

tlte»,iv-piping ,*11 which cafe there will 1^ (R. Hornsby & Sons.) 

a lo,ss inste id of a gain, * 

In l,he eonstnietion .shown in fig. .37, tiii.s method of aoting cannot 
be, em]flo,ed, as, of course, tlie air from the inlet-valve would only 
pass direct downwards and out through tli* exhaust-valve, without 
acting on the gases whieTi ar*e in the other part, of the com])rcs3ion-_ 
chamber. • 

The material is comnwnly cast-iron. 0«,s1,-,steer is Sometimes 
used for large engines, and tfliiminium alloy* for afitomobile sflid* 
flying-machine motors. 

The preservation of a tight iointbctwcen.tIic cylinder and the head 
is brought about either by grinding the .surfaces against each oiher 
or by means of a gaski't consisting of some heat-resisting material, 
as, foj- example, a.shestci-packing, eliiigerile, et,*. The packing is - 
often put into a groove in the e.ylinder, which confers thc'advantage 
that the packing eanpot be blown oilt by the higlftpressure. Of late 
years a packing consisting of asbe,stos, •i.nd surrounded at l^e edjreu 
by a thfii copper shell, has been used a good deal.* In general it should 
be observed that in (v'dor to get # tight joint, it is neither necessary 
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nor suitable t-o en/'ploy t liiok paekiti". .On the eontrary, a thin packing 
is better and docs nofiicccssitate tighf.oniiig up tlioliolts too far. 

j 

Power-Transmitting Parts. 

The Piston fs, as a rule, madi' of Oast-iron.. Tt is only in ilie case 
6'f very liirg- engines in ivliieh llie piston i.s ea-ri’ii'd bv tlie ]iistnn-rod 
that eust-.steel is useilf.soinetiines. If it is neci^s.sary toajnpiloy this 
mati'vial, the pist|On ihouhl be annealed, in ordei’ t.o J’void foundry 
strain,s and to obtain a line grain. The pist.on is e,v|)nsed to very 
varying temperatures, a.s the teniiieratuie in tlie 'cylinder during 
the expaiuf'ou stroke varies from 'JTltO'-iKioi)" I', down' to 7.h(l° F. 
While the workiiig-surlace of f he pi.ston eannnt lie reaehed by these 
liigh temperatlives, the pistnn-fai'e i.s, on the olhei' hand, directly 
e.vposeil to t hem, and it hlierel'ore becomes a. pial ter of great importance 
to ai'ninge for t h« best possihl<“ cooling. In the case of horizontal 
foip'-stroke engines, the outer air'iias free entranee to the interior of 
the piston, anil, in conseipience of the recipi'ocating mol.ion, a very 
good ai^'-cooling is obtained, fn two-.stroke engines with comjiression 
of the seavi'iigiiig air ni the cnlnk-chainhei'. fresh air, too, comes in 
St every revolution, and this gives the necessary co.ling. With 
vertical Inuh-.speed four-stroke engines, in which t.he crank-clf".inber 
i.s complcti'ly enclosed, the venliiafion is, on the oilier hand, often 
very jioor, and air-temperatures of I,h()““l8()" F. are by no means rare, 
lu genei'al. such engines would iKUiotit, greatly by better arrangement.s 
in this respect. 

As the lace of the pi.ston is more exposed to heat tlian the jtart 
situated farther from tho (•omhnstion-e.hamlicr, it expands more. 
This um'(|ual*'‘X]iaiision is e.ompensat.ed by making fhe jiiston .slightly 
tapered towards the top. Although it would, iindovbtcdly, bo the 
best jiractiee to le(. the pi.st.on prevent 1lu‘ leakage of ga.ses only, and 
to leave it. to a special cross-head to take ea.re of t.he side pressure from 
the conneetiiig rod, this constnietiim is very .seldom found iii'ihnaller- 
sized engines. For the sake of economyg the piston is made to ])erfoi'm 
both these fuiietion.s.-and is therefore elytriflong. The length is very 
'sehVnii less than the diamider of the cylinder, but if .sometimes 
2-| times'•as Idng. Within certain limitf it may hi' said l.hat the 
loliger the pisfon is, the more diirabls; Fhe engine. l..nrgei' pi.stons are 
'usually wai.ei'-eooy'd (ligs. 80 and 86)^ 

The Pisten-Pin is made of steel, and i.s ground and hardened. In 
tluvease of 1runk-pi,stons, (he pin, on account of its built-in position, 
forms one of (lie niost'delicate parts of the engine, siirroundod as it 
i.s on every side br surfaces radiating heat In a.ddition to this, the 
hiliricalioK-of this importaut part of the e'ngine is, in many instance.s, 
carrh'd out in a ve,'iy primitive ithinner. 

The /'haracti'r of tlie Pi^ton-Rings is also 'of great 'importance. 
Their task is to reduce t.hc loss through leakage to a niinimuni. It is 
s^'lherefore requisite for tliem to rest with a certain pressure against 
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the (iylindei'-wall, but \»itl[ lu* gi'cator pi'easurij^i.uau is npcesaary, as 
otherwise the eylimler would l)e worn out before its time, in midilion 
to re<lueine llie power of the eu»iiie. As a ruh? the ])islbu is packed 
with sjnjne-i'iues of cast-iron, which are forced ovej’ the piston and 
into t\o. erooves <'Ut round it. The rin^s sluudd l^e made of soft 
tenacious cast-iron, iftid shoidcf [le s(jft,er lluin the c^dinder, in order 
to diminish t he wear of the hitter. . • * 

The pisf.on-rin^s are often made .somewhat liroad, wliieh is an 
error, howeviV ; narrow ]).u:kin>;-rines niovi' heftendoiii; the eylinder- 
wall, and allowVif a iTirni'r iimnher ol iini;s heiiif’ put in. whereliy the 
packine-pi'BSHUj'e per nmt ai‘ea ean he kept lowAr, wliieh nainrally 
aets fiuourahly oio’the wear of both cyliiider and riiips? ‘Nowuidays, 
it is often the euslom to hammer tlie rinps on the inner side, in order 
thereby to increase their elasticity. 

It is also of ercat imf.orlaiicc to reinovc flirt Irom the grooves, so 
that the rinys iuin niove freely. ^As it is never fuitireky jio.sSible to 
prevent oil burniny last in tlie yroove.s, it, is a wise step t« liibrinate 
the piston with a. nii.vtule of eipial parts of oil and pelroleum once a 
week for a couple of hours liefore. tlie (Uiyine is stopped. The pKtroleuin 
dissolves the products of comhustion, wdiereby the riny.s are kejit 
readily movalile in their yrooves. 

means oi dowels, the rinys are yiven such a po.s^ioii that their 
joints ilo not lie, in tlie .same line. If tliey did, coiisuleralily inereaseik 
leakaye would occur. (,)n t.akiiiy out the piston for cleaiiiny, earn 
should be taken to see that t.liese dtwels liave not loosened. , 

Till Crank-Shaft in all betterliinds of enyines is made of steel. In 
tli»‘ ease of la.rye enyines and of automobile motors, niekel-steel is 
iis'‘d (with about.') perl■ent.nickel) or sonietinieseven eliflinmim tiiekcl- 
^stei'l or vanadiiim-stuel. The latter mateiials ari' fmployed only 
wlifii extra liylitness is rei'iiired. 

The dimensions of the. crank-shafts of combustion ihiyincs are 
considerably larycr than in stcam-enyincs, dependiny on the hiyh 
pressure eiiijiloyed in tlie lonncr. By bonny out, the weiylit of the 
shaft can, however, be dinijnished. VVliefi the Diesel motors first 
appeared, eireidatiny eoediny water wins led thi’ouyji the hollow ^hafi 
in ordei’ t.o^eeep the crank-pin beariny cool, but t his njethiKl was'soon 
abandoned. TTie craiik-pitis are soiirtiines hSrdened,^ 

The Connecting Rod is, a* it rule, made, of*soft steel or eiust-steelT 
In the case of autoiiiohile iitotors (K.sjieeially vlitli cei'tain TTeiich 
types) the, rod was fonntrly inadi*of cast-itoii, for tlie cfinneetiny rod 
is cliieliy exposed to compressive stresses ,to whieh tins nia»erial 
offers great resistance. 

’■ The Valves. 

The fuyclioii of tiie. valves is t,o introduce iiii(f’[irovide. an e'kit^^for 
the gases from the cnyine, and they %,re thus exposed tjt .the hlyii 
temperatures prevailing in iilie i^dinder. In Spite of this they are 
expected to keep tight, and Jo fot well. As regards .the inlet-vajve, 
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every time it ojiefe it, comes into context with the cold gases which 
stream in. The exha'nst-valve is woj'se, olT, and so mu.st be ground 
oftenei'. Oil this account it was, uni.il a shoi-t time ago, a common 
practice to wutej'-cool the exhaust-valves'oi large engines. ,()[ late, 
however, uncoolvd valves have, come more into use, and nojtadays 
n,o(. even the valve-seat is always e.opfed (see ii>f. 87). Fig. :i7 sliowa 
the appeara'iice oi ordinary imcooled valves, while fig. 18 shows a 
water-cooled valve. The arrows indicate the direni.ioii by the 

cooling waler. < “ ' 

As, on opening the e-vhaiist-valve, there prevails,in the cylinder 
a ijn'ssiire. of from ilbi t.o (id lb,s. per squar.c inch, the 
back-lash eifect on I he valve-geartfroni an ordinary 
valve will be considerable. For this reason, a.lmo.st a,s 
in steam-engines, double-seated valves have been tried, 
bat. the device has mil justilied expeclations. The 
(jueslion of the employment ol' such valves eaiinot, 
however, lie regarded as tlius decided, as the design 
used was not immipeachable in every respeet. 

Atteni])ts have, been made to replace di,sc-valves,;; 
by slide-valves, but the restills have not licen very' 
encouraging. It can, however, be considered as pretty 
.‘■.eriain that it would be possible to produce practicable 
and suitable slide-valves, but (he construction would 
probably be ralber intricate. For a .special design 
see p. fit 7. 

On the other hand,' the idea, of balancing the valves, 
as shown m figs. 44 and 133, is probably a good on-', 
uiitler cert.ain eonditions. Still, the fact must, not be 
'disregarded that. the. balancing valve considerably in-,, 
creases t.he acrcleVation pressure and frictional resist¬ 
ance which the valve-gear has t o ovei coinc. The design 
in quesl.ion should be used with discernment, there¬ 
fore, and in diflicult case.s, with high-speed engines, it 
is liettov to provide each^ cylinder with two or three 
cxhijusttvalve.s. 

In the case of smaller engines, automatic inlet-valves 
are of fed'used, o{ cried by tslie vacuum arising in the 
f.ylinder dui'ing‘'the suction .stroke. Ir iiiost cases, such engines show 
a low volumetric elVciency, the I’esult of the valve not closing in time, 
in consiujucndb of its inertia'. Th(' p;ston thus Iras time, during the be- 
gimirag of the. compression stroke, to drive back a part of the gas that 
was sucked in during the previous stroke. If wo examine such engines, 
we usually find, however, that their bad metk )d of working is, in great 
measure, tobre ascribed to their unnecessarily clumsy form, and also to 
the fatt that the vafVes often are ihsuiliciently guided. If such valves 
are’made <.,f the best material,''and of slender dimensions,‘the incon- 
yVeniences just mentiofied will be very small, even with a high rihmber 
‘yevolutions. On the other hand, the most vulnerable point is, un- 
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doubtf'dly, iliiil au imjmi-t ocours each time thj^ valve, opens. Ky pro- 
vidiiiji a liard skal spriiiL’, aft in,a ns a cu.sliion, belwuen the valve-guide 
and t lie. stopper, tin' sIkkI^ can, luiwevcu-, be greatly diminished. Still, 
it is el^ar lliiit, tliere eiiii nov(‘r be a i(uoslion ot employing auto- 
niatic.valves with otln'r than .sjiiall engines. One (•(nisideration in the 
design is that such v'alves shall,alwi^ys be placed veilically, with the 
valve-di.se dowiiwaids ; for, as eaii easity^ie seen, it’is dtily then that 
the valve-spring eiui be so adjusted that, t.he valve reimiins almost 
hanging, so’lo .speak. If, ou I he, contrary, Ifte vti,lvc be plae.eil with 
the valve-disi\upwiri'ds and the stem downwards, the, weight, and the 
Kjiring-fui'k'e will lief.fill the siiiiie ilirection. ' , 

If, lioiii a snValler engim—where, as a rule, the ‘l-iloliiig of tiie 
valve is little attended to.—the e.vha.u.st-|)ipe be (prickly removed 
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while the engine is in motion, we .shall find that the .stem of the ex¬ 
haust-valve. is red-hot.* It is, therefore, ofteti bf.st not to lubricate 
it; but ifHliis be done in the case of larger engines, neither groifse nor 
oil must be. insed. lor tlnfii the ,sten» will stk* fast.. Peti’oleum, with 
the addition of a little oil of ¥a.seline, can, ixuliaps, lie empIoycrT, far 
petroleum evaporates at Iiigl* temperatures, and*it also possesses fhe • 
useful property of dis.'filving'dii’t. (larcnslioiild, however, be taken 
that suoli lubrication is carried out before |he engine is started* No 
lubrieat'on at all should be done wdien the engine is in motion, as, 
oth«rwi,se, burnt oil eaiily collects ou the hot «tems. Water-cooled 
valves naturally form exception,s to this rule. * 

Automatic valvf.s are usually provided with*iat, but other valves 
with conical, seat.s. • t 

Tfic material is cast-iron or eteel for the -^alve-diso, and step! for 
the stem. Valve-ciiscs of brorfce have also been tried, being cast in 
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one piece vvilli llie sleip. Nowadays, a 25 l-o .'I'f) per cent, nickel-steel 
is often used, as valves iiuidi' of tiiis metal neither rust nor warp so 
easily as others. In this ease the stem is, however, made of hieh- 

earbon steel to resisf wear, 
and is electrically welded to 
the disc. 

I'lte. valvK jiiiri mm is 
dimensioned for p vdoeity of 
the ea.ses ranj’iiie Iron) tiO to 
1.5(1 feef pen'second, and 
eomiteib’ wilh reference to the 
niean pistiiji - speed. The 
smaller velocities refei' to vei-y 
sniidl antomalic valves, and 
the hiplier to larpe aas- 
enpiues. ' In ■ ledinrij-sized 
eiipjnes a very eouimon ve- 
loeity’is from 80 to lOl.) leet 
|)er second. 

The Valrc C'nm.s,—Fip. 45 
is a iliapram .showinp the 
position of the diflereiit earns 
tv each other. A is the. exhaust-valve earn ; B the inli't-valve cam, 
and C the cam itsed l.o lower t he (•ompiession when stiu'tinp the enpinc. 
When tlje. vidves ai'e closed, f here'.nust be a small elcaranci', either 
between I he cam and its roller or btdwi'eii some other [larls of the valve- 
pear. This clearance slionld be earefiilly maintained, as a sman altera ■ 
tion will often diiise. a remarkable ciiiinpe in the vaive-settinp. 

The valve-,sfttinp depends lai’pely on the sjieed of the enpiiie. 

Let u denote the angle at winch the exhaust-valve opens, 

,, /I ,, ,, ,, ,, closes, 

,, y ,, ,, ,, inlet-valve opens, '• 

,, ,, ,1 .> eloiSes, 

all llie.se atiples beiii,'p nfeasured on the ««H-shaft circle and from the, 
dead IVutres as shown in lip. (5. Some values are piveiivbelow as 
used in jiraAice. i. ■' 


iT 



Table Xlt, 


Angles on 
ttini-slnifi. 
Cirelo, 


SUitifniitjy 

Kngmos. 


Mol'or-cnr and Marino 
EngiiioH. 


T 

I 


ft 



5 


f'’ 10" to 2 : 1 " 
5" to 10",. 
8" to 12" 
10 " 


-(^h2") 


in; to :k)" 
0 " to 0" 
-2" to -11"^ 
0^ to 25" 

t. 


Tlui - 
signilic.'i.tliat 
the valve 
opens at the 
anule given, 
<ifter the 
crank has 
paaseC its 
ileacl centre. 
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Ignition Systems. 

On lh(! I'cliiiliility of ijiuitioii (Ippcnds tlir ('iilin' succossful working 
of If the ignition fiuls, tli<' (’iiginc stitjis ; if llip ignition 

work* fiiirly well, ('iigiiic s'll! work, it is iruc, In'.t. only fairly wall, 
too. Till: ignition is, so to sa.;', tl«: lii'iu t of the jPiignia. Tha first 
ignition (laviaa atlrainjiLad was tiuiL ulia' wliiah must natui'a.lly pij'- 
sentad iftalf ; 

Ignition by External Flame.— In its simplast form this anange- 
inant aonsisiraji of t\to dilTaraiit flames, o! wlm-h 1 ha one, //«'«/«*/ray jet, 
lit tJia ga.s»in the I'Yliniiar, win la the otiiar—1 ha j-ihary jH — 

served lo j'elight r.ha igniting jet- which was put oiil at avary ig’nilion 
of the gas. tfiic of t lie oldest ol lliasa constructions was IhirneCs. in 
which the igniting jet- was inside ii iotiiting,valva which was provided 
witii an ojianiiig. 'J'ha’Iattar, at a\'ary revolution, left a tn‘y,]iassaga 
for til* igiiiti*«( jet,‘which was fligrchy altaniati‘!y putnn comniiimca- 
tioii, first, with the gas ini,-vliira in tlic cylinder, and sccoiiSly with Ilia* 
auxiliary jet oiitsida tlia cyliiidar. Tlia device acted pretty wall up 
to forty Ignitions par niiimta, hiit» was uttandad by the giant iii*;ou- 
veiiianai' that gas was let out every time the two burners were wt 
ill communication with each other. Neither was the ignition re- 
liahTe if it was exposed to wind, lor ii tdic jets were put'mit, the ciigiiia, 
of course, stopjiad. Ignition arrangamaiits in aacordanca witli tlfis 
priiici))la Ill winch the I'otatiiig vulva was exchanged for a slide-valve, 
and vvhiah ware allai wards stdl •liirlhcr improved, alTorded greater 
reiialiihty ol working, and made it possible to imTea.se the number 
(ft jg1iiH4jjis_to over 100 per minute. Siicli engines exjpt to-day even, 
bi some iiFaces, and work satisfacloiTly. -As, liov^ever, all these 
devices- allhoiigh they were in thejrday considered a,s very remark- 
atjlo—are never used now adays for iiew’eiigiiies, it would Jie useless to 
describe them any further. 

Ig®ition by Internal Flame. — In the ISrayton engine, mentioned 
on p. 108, the gas was ignited by a eoiitiiiuonsly burning llame inside 
f,he combustion-chamber. .The device coulij, of course, only be 
employed in oiigines in wliicli the gas was infi’odm’ed into the cyi^indA' 
iiniiieciiaii^y before ignition. In order to ^irevent* 1 lie ,llame from 
blowing back, wliieii would Jiave oifaisioned an exjilwsioii in theigaj- 
taiik, a fine wire-gaiixe wa,s jil.Teed behind it. Still, tliere was alwikys ^ 
the. danger of tlie working betng iiite.n’upf.ed, am? this jgnition device 
was also soon siipersedad. • ^ ^ 

Ignition by Catalysis.—I f ineaiideseent platinum or spongy [ilnti- 
num he exposed to a slreaiii of gas, it. will remain incaiide,scent; and if 
the speed of the gas bi^bicreased, the t.emperaf.ure of khe platinum 
becomes so liigli that the gas is igpited. This figculiar cliarae,teristic 
of platinum has besii made use ol ill the case of gas-engines, but. the 
systeiji had the inconvenience that th*e ignition was not pSliable, nor 
did it permit of an adjustinent^ijf the ignition-moment. 

Ignition by Hot Tube.—Xhis ignition device which, in its day,-was 



122 INTERNAL COMBUSTION .ENMNES AND OAS-PRODUCERS. 

nuicl) sjjoken about, is still employed with smaller engines, 
consists of a porcelain, platinum, iron, or nickel tube in communica¬ 
tion wilh the cylinder, This is the so-callpd hoi tube which is kept 
heated to incaiideSiienc.e by means ol an external flame. Aftfr each 
oxfiansion strolce, Uvaste gases remain ill tube and areg duruif the 
latter part ol the,.compression strokC) conipresse^l so innch that the 
fresli chargi' i^in force its wftyto the hotte,st part ol tlie tube, where 
it is ignitiul by the hot walls. A flame then rushes out of .the tiilie 
and into the cylindeV, and ignites the whole, of the gas mixture thoie 

pre,.sent. , 

In order in adfust the innnienl of ignition,,an attenipl, has been 
made "to use a limi.iiii valrc, in coinhinalioii with flic hot, lube. In 
the canal connecting'the hot tube with 1h<- cylinder there was put a 
valve which diii not iicrniit of communication between the hot, tube 

and the cyliudV*r until just botore the 
pisiQji began its Vetur" stroke.. As 
these valveij used to stick, however, 
and did not k'eep tight, and rusted, 
tlif plan has, in general, been adopted 
of adjusting the ignition by alt.ering 
the position of the external lu-ating 
|et. The, construction in ijnestiifii is 
still used, however, although on a 
small scale. 

yig, 4{) shows an ignition tube. 
The moment for ignition depends not 
only on the length of the tube 'i.iu 
the size of the eaiial in the cylinder, 
bpt also on the size of tlie, l.ubc, its 
position on he cylinder, the degiVie 
of compression, the temperature of 
the tube, the character of tlie surfaces 
of the tube, the po.sitioil of the external flame, the temperature of 
the cooling water, the Joad and speed of flie pgine, I he gas mixture, 

a,bd tfee method of governing, etc. . 

We tluiii iindr that the moment ol igiutiou is depeiidcrft on (]Uite 
a nifinber of ciKcumstaiices, soiil'e of w]iic,ll bear a relation to the 
coRstruction of the engine, and thus can'be, a.scertiuued experimentally. 
Others, again,, are delated to the chart.cter of the, engiiio for the 
moment, and thus are almdat entirely incapable of being controlled. 
The result i,s that" ignition by hot tube, is only employed foi- small 
engines, where reliability qI acf-ioii is not so much considered as a 

lenition by Hot Bulb (or Hot,Pot). -This system of igiiitioii is 
shovm in fm 11 r., and has been largely employed for ojl-engines. 
In comparison with the hot ttlbc just described, which i,s speomlly 
sehaitive to outer influences, the hfit bulb is far more capable of 
resistance, to such injurious factors. It is true*that it sometimes 
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biii-Kts, or IS destroyed by the ^reat heal., but^here is no great expense 
ineurred in replacing it. 

At first sight it wou^d seem peculiar that an equable running of 
the engine can be obtained at all by means of su?h a simple ignition 
dex-Tfc, and several fanciful.hypotlieses have bcoTi made in the en¬ 
deavour to find an ex])lan*lioni The fact has been negleeted 
that, in many hot-iuilb engines, tliiv ignition does not. occur witJjJ 
such viay great regularity', but that, on the contrary, both pre- 
ignitions aiid late ignitions occur alternately, w'heii the load or the 
speed is alU%ed ; 'and, above all, it has been overlooked that an 
ongme, pi;ovided witUliot bulb rei|uires, as a ruR‘,'Uiore careful atten¬ 
tion on the part ol the engineer than is the case with engines provided ' 
with modern, highly developed electrical ignition. 

Before tfio engine is started, the hot bulb is heated by means of 
a blow-torch. When ’die bulb has been heated to cherry-rgl,-oil is’ 
intro^luced, nieiTns of suetioii^or pressure in the cas? of four-stroke, 
and by means ol pressure in the ease of two-stroke etigines,' Thti 
engine-shaft is then n’loved backwards and forward,s a few times so 
that eonijiressioii arises. J?y this.process (he vaporised oH i,s iijixed 
with air in the Indb, and ignites against the hot walls ol the latter, 
alter which (he engme, starts. After .some minutes’ running the 
laiiTp is put out. Tile bulb is often surrounded liy a shell which 
partially prevents the radiation of heat. By the help of the h«at 
produceil in the eyliuder by the explosions, the bulb afterwards 
keeps sulliciently hot without s})»ciai heating from witliout, which is 
a great advantage I'onijiared with the igniting tube. In most engines 
•i^lteJvind a eertain quantity of cooling water is introduced into 
the eydinder along with the combustion*air, this anioTint being some¬ 
times as much as 5(1 per cent, of ^hc amount of oif; and thi.s, other 
ctinditions lining equal, permits of the*employment of a^higher com- 
pre.ssion-presKure, 

1^1 order to understand the method of working of the hot bulb, 
it. is of imjiortauce to know under what conditions an engine provided 
widi this ignition worl^ satisfactorily, aritl when it docs not. It has 
now been sliown that hot-bulb engines work best when tlj^y we 
allowed ft) run at a constant speed and with con*tan(^load—or, in 
other words, if the heaflnjj conditions of tie hot iiulb remain 
altered. If, on tlie other hSnd, the load lie increased, the enfjine 
will often slow down, on lAicouiit of the leniferatui'e of the bulb* 
rising too much. “ Mie eugin* gets t<)ti hot,” is the common ex¬ 
pression; but it will bo evident that the engifle itself do?s not 
become, too hot, as there is no difficulty ip wator-cooliiig the cylinder 
sufficiently for all loadt.» The high temperature* of the bulb expresses 
itself chiefly by the ignition taking place, too early, i.c. pre-ignition 
arises, wjiereby tli» .speed of the engine is, of course, diminisBcd It 
can even happen that the ignitions’occur so early that* the engine 
eithel' stops entirely or is reversSd, and starts’moving in the opposite 
direction. But in* some ca^cs*the engine can go slower for another 
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reason ; for, in the evenii of oil being used as 4 upI (which is usually 
the e.ase with hol-bulb engines), the. “ ga.sification ” of the fuel takes 
place, by means of the oil being injected inf,'-) f.he ineaudosucnt bulb 
cither during the exhaust-, suction-, or cunipression-stroke. IV)w, if 
the bulb be of fhe'right temperature, tlv' oil is immediately gasiffed ; 
but«if the. tenyieraJ/Ure be too liif^i, o» the spiayer be out of order, 
V navi of the oil is coked. ?\.s' thus, in the latter east', only a part 
of the, fuel i.s utilised, t.lie speed of f.he engine i.s eonsi^piently 
diminished—that, is,'unless the governor does not allow o{ the intro- 
duetion of a correspoiiding amoiinl of oil. Be-sideS this,‘'pro-ignitions 
are easily pro^luced* by deposits of <'urbon whic-k keej) ineande,scent. 
‘In oriWr, in .sui-li a ease, to bi‘ able to keep the engine running, the 
attendant has no other le,source than to increase the injection of 
water into the eyhnder, or.to e.ool t.lie bulb in some other way, v.e. 
\o bbn.ggfhe bulb t.o t.he teinpcrature formerly jirevailing. II, on 
the other hand, T.he loa,d of the enginejs to be diminished ' lie iiiji^'t lou 
ol' waler nuAt also be diminished, or the temperature ol the bulb 
kept at the right height in some, other way. Otherwise (he engine 
coniQ*! altogether to a standstill. • 

One ol the so-called theories -wldeh i.s no t.heory but. merely an 
hypothesis—which has been put forward in order to e.Kjilain the 
.method of workiTig of the hot bulb, is that of (ritWaer,* and Ids a,s.ser- 
tio’is are, rejiroduccd (but ineorreel.ly) in Oermaii teehnieal literature 
as facts, in his explanation, Gultiner starts by saying that, the 
canal between the bulb and the eyliiiAer i.s usually ol small (bmensions. 
It is true there are good reasons for tliis, but t hey have little to do 
with the fiindanieutal idea of^ the ignition bulb. His explang'*'on .J 
briclly as follows^— 

During the compression stroke; the. piston drives an ignitible gas 
mixture befoj'e it into the bull), where the gas is immrdmh’ly ignitefl 
by the glowing walls. The liuniiiig gas now endeavours to force 
its way into the evlinder again through the. narrow canal. As, ^low- 
■ ever, the area of the canal in ((ueslion is small, the gas or air which 
streams through it into 1,he fiulb, and is dru’en^inwards by the piston, 
aetjuir^s a greater velocity than that with which the jet burning 
inside the, bijl) cKrleavoujs to blow back, it is not before, the speed 
of,pr«pagation otthe igniting jet,*iu the .nefgliboiii'hood of the dead 
ceiiire, exceeds that of tfie stream of gflis or air that the flame can 
rush into the cyjinder? This is the main Mature of Giildner’s explana¬ 
tion, by the help of which Sll the pe^^niliaritici of these engines can 
be explained. It fs, of co<ii’se, a veiy clever and simple one, and it 
has only one fault—which .is, that it i.s w-roug. That this is so is 
shown most sijnply by'aii engine having been fCaiid in which the whole 
of the Ip)t bulb. Ml ciniscquence, of bad combustion, had caked to- 
gethej’ with a hard crust of carbon deposits, huh which engine, in 
spite of all, Continued to work.^ * 

* Entwerfen und Bereck/ten der Vcrbrtn€iiLii{js>n,uloTcn, 2ud ed., p. 120. 

* • ^ Ttkiiisk Tidshriji, part ,H, 1008. 
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It is an old-established tact Ihat it is possiMe in this manner to 
prevent the onward’movoTnent ol a heal-v^ive, lint, imfortunatel)', 
it is not possible to thus control the ifrnitiou of enpiues with ignition 
bulbs. 

»r)!e fundiinieiital idea of all ignition is 1,o develop, at one point at 
least in the gii,5 iti.xture, s(t high a teniiierat,lire'that a local com- 
Inislion is there begun which’i.s alterwirds allowed t-o ooinimini'eiite 
itself l)v some means to the rest of tlie gas. Now. the ignition li.w’V 
a.ot-s like all other igiiilion devices, by inalciiig the gas nearest to its 
walls so liol^tliatjt ignites. The bulb, however, niu.st not be kept 
,so hot that ignition takes jdace until just bejfori' the dead ceritru. 
Now, it'is to be observed lhat the feinperatiire of.tile cliaiye rises 
not only on .account' of the radiation of lieat' from the bulb, but for 
another rea,soii also, liming the conpiression stroke the pressure is 
increased cou.stant'Iy,,and with the incsea.se of pressure follows 
cori'es])oiiding irn'i'ease of temperature. Towards the e'’il‘" lit Tlie 
compressioirStroke, es])c<iallv, ^oth the pressui'e and the temperature 
rise very rapidly (see #anl, tig. .'ll). In a certain jmsition of l-hc piston 
it now happens that the total of t.he increases in temperature which 
are derived, ])ai’tly from t.he raitiation of he.at from the, bulb and 
partly from the iiicvease in pressure, bi'comes so great that igni>i()n 
tai’es place of the gas lying nearest to the wall of the bulb, after 
wliieh tlie eonibustion is carried on to the rest of tlfe gas. The bulb, 
must' thus be made so thick, and in other dimensions be made* in 
sill'll a way, that it, can acipiirjj a suitable t'emperature for eaiising 
an ignition immediately befuce t.he dead centre. It is clear, from 
wjijy. lias been said, that the dimen.sions of the bulb depend on tihc 
ixmofflilfc.ai the compression-pressure .and the numlnr of revolutions 
of the engine. 

, It might,!)!' supposed that., uiid#v these ('ii'cumst,a,u('es, the moment 
of ignition would incessantly alter. xTiis is the case, too,,wit'h ignition- 
bulb engines of ordinary coiistniction; but this variation is kent 
witldn faii'ly narrow limits, as I'hc comin'ession curve in the indicator 
card, and with this l-hc increase in teiiiperature produced by the 
conpiressinn, just in tke ilieinit.y of that position of the. piston where 
the ignition is to take ])lace, i'i.sc very rapidly. If, thus, tlie tOTijiel'a- 
turo of the bulb is foi^ any rca,syn increui(ed, a tes,sei* compression 
temperature is nu/iiired fmygnition to tai'e place*, but a rehaiv^ly 
small alteration in the position of t he pist.on eon'espoiids to •f.hig 
alteration in the conpu'esHion temperaljji'e. 'flK' engine has thus a 
possibility, in a certain degree, of regulating it.self. 

In the case of greater changes, eitiierln the load or t he .speed of 
the engine, this automatic regulation, hflwevc^ will not be sufficient. 
If,*for example, the el^giue works for a long time at maximum load, 
the bulb will be inclined to gel, ♦ery hot, whirfi is counterai'ted in a 
very simple way* by an inerease jn the injection of^watcr.- The 
engineer adjusts a cock, or, witjj some engineii matters are so arranged 
that the amount of water injuptcd stands in a fixed proportion to the 



126 INTERNAL COMBUSTION ENOINEH AND* OAS-PRODUCERS. 

amount of oil. Bofti tlie iiinouiit of oil and of wator are measured 
of! in such a case by life same gear. In tlic latter ease regulation 
by band is also arranged for. 

On account of tlje whole nature of tlio ignft.ion, it is clear that little 
contingencies of mjiny kinds will have a certain influence. In j)fa»ticp 
it lias been shown that the \vat<'r-injeetft)ns requi»ed liy two engines 
iwhitili have heon Ifuilt accor(Jii]g to the same patterns a.n(l drawings 
•oj't.n vary from eaeh other. On the other hand, there are^eiiginos 
which have neither wteit-injeetion nor any ot her means for regulating 
the bulb, and yet, in spite of this, can work even af no l^ad. Certain 
engines, on the other.hand, stop at about half Iriad ; but, in general, 
liot-bulb engifiwri are more .sensitive lo variations in .s])e{'(f than to 
changes in the load. 

What lia.s been said above refers chiefly to engine,s of ordiiuiry 
«c.onstruotion, where tlie oil*is injected relatively early into the bulb, 
Then^ ait'othev.engines, however, in which the iiij«clion is not under¬ 
taken, bc[ore,the dead centre is nearfji’ reached. With these eifgines 
the difficulty with pre-ignition <ii,sappear.s I'lmosf. entirely, as com¬ 
pression ti^kes place on pure ail'. On the oilier liaiid, the difficulty 
rema’iis with the over-heating of* the bulb, for wliicli reason the 
injilttion of water is often retained. 

Ignition by ^means ot electrically heated Metal. —In order tto 
esijape from the 'irieoiivenieiu'es attached to ignition by means of a 
burning jet,, attemjit.s wei'e made at an early jwu'iod to ('mploy an 
electric current for beating an isijated platinum coil wbicli was 
fastened on a .slide and introdiieed iifio the cylinder wh^ii ignition 
was to take place. ,\h the inse of such fragile platimim wires w-' 
very unsatisfaclwy method, how'ever, and also on aceoiii,! t'.i other 
ineonvenienees attending this metliod, the.si' deviees have, now.adays, 
totally disappeared, and have ijiad’e room foi'the foll()wii»g • 

Electrical'Ignition Systems. —If rightly employed, electric ignition 
i; the most reliable of all methods, with the exception of the automatic 
ignition employed with the Diesel motors. The grinit advantagPs of 
electrical ignition may briefly be stated thus :— 

,By its help the momefit for ignition can ‘be ;fi1ered at wrill, and thus 
the ignfrinn can be brouglit about almost, anywhere in the coislnistion- 
chamber, an8 wifliout di*.igpr of fre. A btrning lamp in an open 
boftt *in windy i^eather «, of course,,iTot such a very harrales.s 
reso*urop; but there ^'.annol. possibly be, any danger in an electric 
spark within a closed cylindw'. In atjdition tq this, an engine with 
electrio! ignition is always ready for starting. 

The following are som(“ of the e.ssential jinint.s with regard to 
electric Ignition :— , * ^ , 

The igniteP should always have such a position in the cylinder that, 
at the nroment of igili^.ioii, it is surfouuded by ignjtible gases. This 
is attained most easily if it i.s placed in the way of tlie cha^’ge that 
streams into the cylinHer, It should, tlierefore, not be placecd in 
“ pockets ” or other out-of-the-way plates, because Jt is in such places 
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that burned ".ases chiefly (iollortt. Be.sides_ tMa, it ouelit to be 
possible for the flash to comiminic.ate iiy tliS slinrt<'st ])OSBible ])ath 
with all the parts of the eombustion-chaniher, From ihe ])o nt of 
view of ignition. thcrefo)'v'. the ideal would be a spherical compression; 
chai#l#r wit h the igniter in the centre. 

A*vory good ponlhni for the igniter is centrally a,bove the piston. 
Ill the. ease of small engiiie.s, which 'are lubricated by the connecting 
rod’s dipping in oil, it .sometimes hnp]icn.B, however, that. the»-.'i 
finds its wav nji between the piston and the walls of the cylinder, 
after which i.lu' nil tan be .sjilasbed up by the piston on 1o tlie igniter, 
which, in Slum a ease, might easily cease to, act. This happens 
e.speeiallv*\vhen the ture of the pi.stnn i.s bulged downi»ards, and it 
is tlu'i'efore often found preferable, to put the igniter ceiilrally above 
the inlet-valve, when it. i.s certain, too, of always bi'ing siirromided 
by ignitibh' gases. In*the case of large eftgine.s. doubh‘ ignite rs ar e 
u.sually miiployed, yaiilv t.o ensme ignition aiut partly to n.-Viue llie 
explosion (|u1Wer. 

For l.he ignition these fci emjiloyed either a single spark or a. streani 
of sparks, and the ilifTc.rent ignition devices used can be di-^ided into 
two difiVrciil sy.slems, each cmbracftig many modifications. 

A. The Electric Current is obtained from an Exteriac Source. 

This is (he oldest and the simple,si, method, and it is .still widefy 
cmjfloycd. /\s source nt current ^se is made cither of batteries or of 
accumulato»s, or else, if cleclri# power can he had, the current may 
bi^^en direct from tlie mains. So-called dry hattenrx are used with 
a1IvanW||»^nr automobile or niotor-bcMit engines. •Tlie diflereiice 
bet'vepii (hese and ordinary batteries is tlia.t, unlike«t,lie latiei', tliey 
d.i not <- 011 ( 1^11 tlie elect»olyte eonurntyated, luit mi.xcd witli a mass 
— sawdust,, for exainjile.— to a jelly, which has the ^iroperly of 
letainiiig the moist,ure a long time. The advantage of bafterie.s is, 
of eowse, that, they do not ])o.ssess any movable parts, and that they 
can be placed anywliero. Dry batteries jiro especially convenient, 
because there is never i#iy flangcr of the liquid being s})lashed out 
the battery be exposed to shaking. On tlic otlier hand, they-.?uffer 
from the incoiivenienee yhat their,oleclro-Molivo force*disajipears 
by degrees. Common cell-llatteries can, in^uch a T,a,se, lie refilled 
very easily, and the acouniuii^or be recharged, w^iile tlie dry baflefy 
must be exchanged for j now oiiiy. 

What has liecn .said above shows the importnnociif never exi'psing 
dry batteries to direct sunlight or heat, as^tlien lliey soon dry. In 
strong sunliglit it o.an even happen that life liquid forces its way out 
of tlie, battcrie,s. They*should also he protected apinst* severe cold 
(below ,1" F.), for the electrolyte ofl.he battery ewsiSts of amiwnium 
chloride, *hich at low temperatures o(|ystallises out of th§ sawdtist, 
thereby greatly increasing the ynterior resistance of the liattery. 
The best method of procedure is to bind the batteries round with 
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woolJcn dotli, and‘to pul tlicn into a wooden l>ox. Vf this box be 
provided witl^ as manj^compartments as theia^aro batteries, they are 
then well protected aeainst. sliort-cirwiitinf;. If tli(^ weather be 
.specially cold, the l)atteTieR can, if necea.sarf, be thawed over a stove. 
As soon as lliey liave beyiin to work, they kec)) ifieinselves snScjently 
warm by means of the heat from the (iiiemical iijaetion. • 

• The weali, eiireent from tfie lifittci’y, which .should have a ten.sioii 

of 4 to (i volt.s. rmi.sl., before be- 
iii" used, be tramsfonfled n]) to 
ii hifili-timsion eiirrenti. For this 
purpose an'mdu/rfon coil i.s em¬ 
ployed, ffoin whieh tflie eiirrent 
i.s led, by means of a well-insn- 
laled wire, direct to the iyniter, 
the ,so-(;a!led sparlnvf) phir/. 

Fiy. 47 shows diaHramniatre¬ 
al ly Bueli a h....lerv-i«id-eoil 
iyniti«n,for a l-cylinder en,aine. 
A is the batlerv, which is 
cart lied by me.ans of the wire 
a,’ and by means of <he wore b, 
is connected with K,, one (jf tlie 
nuts of tlie induct ion coi1 B. 
hh-om the other nut Kj tlie wire 
C is led to the wipe-contact g 
.resting on the rollej- d, which i.s 
secured, for example, to the 
cam-shaft of the ,en_;'*[n 
thi.s roller, whicli consists of 
some ,'inn-eond ne^ive material —i 
fibre, for oxamjile—there is put 
a. contact, f, which, ut a .suitable 
erank-.'i.nglo for ignitioii»C()iries 
into cont.iict wit.h the wipe-con-j 
tact gt The contact, f bein^ 
electrically connected with the 
.shaft, it i»cleaf that, gs soon as f and g Jorra a contact witli each 
<rtlf‘r, the prinwry cirejiit. from*tli(‘ baWery will be chwed, as its two 
,, tfrinimils are eartlmd. In the figure h marks the vibrator or trein- 
))ier, and 1 tjie contact screw. C is*the condenser. The primary 
eireyit. is markeil by heavy, and flic s eonVlary one liy t.hin, lines. 
For the method of working of induction coils the reader is referred 
to t.ext-books on electriciti)’. 

After f and g have formed contact, the t.ifunbler h begins to vibrate 
very japidly. vvlie^-by secondary currents of .such high voltage are 

^ In order to be aliltj., to open mid elf sc tlie eirenit, a switch ahouIi> be pro¬ 
vided. whieli is not. however, sliown infthc figure. 
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induced in tlic tliinncr winding m'of ihc coil thifi sparks jiiirip over 
at the .spai'kiiip ])hig,*from p to r. Tliis lajter is connected with 
th(5 finer winding of the induction coil by lueans of the cable t and 
the lint Kj. • , 

TJe^sparking plug {fip. 17), winch is also culled pic ianition plug, 
r'onsi!?i,s, in principh* of two eh'cfric pole.s at- some distance from each 
ol-her, of wliich p i-s conin’cted ^ith •f-he, ';'ire t, while r, toget her wfth 
the outi'i' part of the plug, is screwed into the cylind(‘r-head, i.e.J”' 
eai'tlied. *'j'he poles consist of nickel, jilalimnn, yr other metal, and 
are isolated frjim eu,ch other by means of porcelain, mica, pot .stone, 
or similar m.at-erials. 

The s]f,irking [iliig ought to he kejit veiy clean, biiJ*eniery;cloth 
slimild not be used for the purpose, as otherwise t-he .smooth surface 
of till- (ilim yonid be injured, and <lnst would only the more easily 
attaeli itseil l-o il. Oripnary dirt is best tuiren away by washing the 
sji.aikiiig jilug with jietrol. If oil lias come on ^t, however, c;.a nas 
linrned fast .T, is not .'dways po,s,si»le to get the ping clean yi this \yay 
but, in 1-liis ca-se, it ('an,b» rubbed with a bit of wood wliicli has been 
dipjied inl.n acid, ,\ft.er the porcelain has regaimsl its whije colour, 
the spaiking plug should Ix' well‘wa,shed, so tliat no acid is 
Ailention should he called t.o tlie fact that the sparking ping will i.'st 
afteiywards ,i,ct until it has become perlectly dry. The reason that 
tile, sparking plug is so sensitive to dirt is that the ort that conics on 
to t he ('oiitai'l-|)()ints might prevent the g.as from coming into commuifi- 
cat ion with the spark, and it is difficult, too, for the current—unle.ss it 
is sncciallv s,trong---to jlimp ovej. Oil which has burned fast ptomotes 
the rl, position of elect-rically conducting substances, whereby the 
sp'a’rkiii,, iii,'’g may be simrt-circiiited, 

induction Coils of two kiud.s are uSed, VIZ, eitlieryvitli or without 
*a yci ililer. p.s these ajijiarat-us aje often of French manufacture, 
it 1 .ight be useful to explain the letters occurring on tlupn, as these 
point out how the different wire.s are to be connected to the nuts 
near tke letf-ei's. 

B means Bougie , ^ Sparking plug. 

M ,, Miis*e = Eai'tli. 

P» ,, Pile --- Battery. 

A ,, AmiurnhUrnr —#Accimiu!?ltoi’(storage batter}^. 

C ,, Coiitar, = Contact ^c.p. contact on the eanA 

shaft). 

Fig. -18 shows a conf'ict-breaner lor a •i-cyiiiuleimmgirie, intended 
to work together v^'itll an induction coil im'thuut a trembler. \Vith 
four-stroke engines it i.s arranged on some"shaft which is driven with 
half file mimiier of revoTutioiis of the craiik-sh*aft. In.<he case of 
two-stroke engines, on the other kaiid, the slinil-, ki (jiiestion must 
rotate as fast as tlTe crank-shaft. Fiy. 49 show's a similar contact- 
breaki^, for an induction coil with a. trembler. 

In using non-trembler eoilsjii is of great imjioitanco that the 



130 INTERNAL COMBUSTION ENGINES AND GAS-PRODUCERS. 

(;oiit.;irt-si)riuiis, shSwujn tis- 4H. s'riould <niicklY move away from tlie 
cori'(‘S])Oii(linsl contact-.'ierews. The cam which aclua,ti(!s the spiiiiys 
has, tlKR'cfoi'e. as a rule, .sncli a form that only the one direction of 
rotation ca.n he emiilovod with any deyi'ee'd relmhililn'. In the case 
of trembler coils on'the other h'and, llie primary ciirreiil peimuns 
closed a loiieer time, so that a senes'ol sparkd is olitained at the 
sparkiny pin,!,. 



Non-trembler ei'ils seem to have the advantaye in jiuint of^sini- 
plii'itv, as they'']iave no mitvabh' parts, but this is neutralised by the 
y’l cater delieae.v ol the coni act-brea.kei on tlie eain-siiaft,. In arklition 
to this, the ivmfion tliat work's with a li'tonbler cannot yet its batteries 
disehatyed so I’asily as one ol the othyi kiiui ; toi'd, on ayeoiint of the 
ni'yliyence of the attendant, file iymtion isswileiied on when the enyine 
.stands still, tins is pereeived in the ease of treiiililer ajipa.j;’ '.;s betlig 
used, by tfie im/.ziny noise that a propt'i'ly work'iny tremblei' makes, 
Fiys. .ht) and .31 show a eontact-breaker,, that is much omjiloyed.v 
' The contact-roller, which 

rotates with the shaft, is, 
pressml by mean.'s. of;J|^ 
little spriiiy oiilward.s 
wards the ,seymeut-sh 
contiud'-pieees ^wliioh are 
imsiiiatod and in connec¬ 
tion with the nuts of the 
induction coil. The con¬ 
tact-roller is electrically 
cSnnected with the shaft, 
i.c. is earthed. Tlie illua- 
trntioii sliow.s an apparatus 
Tor a ‘i-cylinder etigine, 

„ but, of course, the con- 

strvetion can be used with any iminber of Cylinders. Its great 
.^Ivantage is that tlje eoiitaeVs lie perfectly enclosed. The interior 
■;bf the eontact-hrealier should, litWyver, be sometimes lubricated 
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with a fi'w (lr()])s of ^oil or a lit-fte grease. Jl is doubiful, however, 
wliether ifiiiitioii, with a roller coiit.acf, sii(*li as this, always fakes 
plaee at, tlii' .same (•.raiik-uii,yl<‘. 

Fi". fjii .shows ilia“ra*iiniati('iilly (lie wiriiiy of,a (.iii>mc 

with oatt.ei'V if’oitioii anil non-fremhier imJucliun,('oil, while fif;. T),'! 
,shoves file w'irinf; (fiaeram fitr a 4-cyhiiiler engine in the event of a 
trembler indiicfioii eoil hein^'i*,se(l,‘ , , • ■ ’ 

As is .seen, with a l-eylmiler eiii;iiie there is al.so used n ([uadi'i';'!. 
induetion eoil. As, liowever, this latter is t,he dein'esf part, of f he whole 
ieiiition, a i^ndifi«il arrani’enieitt is soinetiines eiiijiloyed. In the 
.system in i|Uestioii. ^whieh was invented by (liiuioU, use is made of 
a .simile induetion coil, however pi'eal t he nuinberof evikders ipay be. 
The end is attained in a vi-ry simple manner by disiribntinp thi^ 



4 

I'n; 52. 



current in tile secondary circuit amoiiest Hie different sparking plugs 
—a method, howevi'r, whirtli is attended with an nnpleas.ant formation 
of sparksjit the high-teiisinii dist ributor. > 

The above-descr'bed .system of ignition er^isists, fhen.tn the trans¬ 
formation of a primary eimamt frefin a fixed soiireo*o{ current islo^a 
high-tension one, and that in this secondary eireuit, there exisk 
break sutiieieiitly large to permit of the eiirreifl eonl^rming its path 
by forming sparks. I<*rnni tliis’it is clear that it is veiy imjiortant 
for tlio distance between the points of the sparking plug to be ileifber 
too smull nor foo large. If the ))oiiils iwe too near eiieli other, tlie 
spark will not be of sifllieient intensify; and 3f the diManee is too 
great, the current will not be abl» to break t,he,^;e.»islanee of the air, 
and so tht-re will bi*nn spark. A suiti^ble distance belweeji the ]K)ints 
is usuiilly found to lie f,o of an inch. 

Make-and-hreak ignition ijorks without secondary circuit. In 
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the ciise of tlii.H ij;nil'oii.,us(' has heoli in<ade of the well-known Ia.ct that 
if a (hwed <>lectrie (arciih is .suddenly broken, a .spark will arise at the 
point of breakage and eontinne. nidil the distanee, and Ihu.s, too, the 
rcsi.stance, beeoines loo lar>>e. If .siieh a b/eakage of the circuit can 
lake place within,flic cvlinder a1 such a place that tin- spark'Isr.sur¬ 
rounded bv the cliaige, this will evidently be all that is neeesanrk'. 

''Figs. 51 aihl .55‘show t he se-ealK'd ifi'inlpr. In thellange itself, which 
f steel, are inseited two point.s, I and F. 'I'lio one, I, is rigid, and 
is insulated from lh< llange by means of tale, (loreelain, or I'nicii, but 
is coiinei'led with the .source of current by mea.ns of,_.a wire. The 
other ]ioinl., F. is not insiilated. and is movable 
within t he flange. 

The point F is ])rovided with an inferior 
le\('r H and with an outer on<‘ G. the hitler 
t' liiuTlg acted on by a spring, so that the lever 
, H endeavoni’s to real, on t,!ie point I. J5v the 
Ignition gear it. is allowed to do',at) jirst before 
the moment of igniti'.nv At, a suitable crank- 
angle for ignition, the lever H is .suddenly re¬ 
moved from the point I, thereby causing a 
spark to fly aei'(is,s, which ignites the charge. 
Then the lever H, ill the ease of inultr'ple- 
cvliiider engines, is ke])i. sejiaraied from the 
))oint I uni.if i.lio inoinmit tor the next ignition 
lias eoiiie. For, if (he lever H is allowed to 
rest u])on (he point I inimediatelyrifier lireak- 
nig file circuit., then (.he other cylinders w;o,]]d 
6 nol !'(>'cive any sparks ; for, whendjihhirrenf 
wa.s hi'okeii at tlicir igniters, it would natur- 
a.lly pa.ss througli the igniters whieli w'eve pot 
broken. In the ease of l-cyiinder engiiie.s, 
this point of view is, of course, absent. 

In the ca.se of multiple-cylinder efigines,j 
the,.plan is highly recommended of providing 
I'ao. at , 111(1 .'■(•t. •(he wire fo each h'liigb igniter with a switch. 

V II the ignifion fails, the (rouble eiin then be 

di.scovei'ed ’nioi'eh'asily.It is clear that tin; diiTereiit igniters imtst be 
eonhected in pafiillel. 

, " Formerly the moyahle lever H was provided at the point at which 
it. rests iigaiiui' the pin I tyith a little flat jiiece of platinum, which, 
however, on ace(|unt of the shocks, could not he got to stick fast. 
Nnwadays, tlii' points I 'and F are made entirely of elirome-nickel 
steel, and .so (he iiiconveiiience mentioned disappears. 

The liailinier-lireak gear is, of course, fnade in diiferent ways, 
according to the roiii*ruction of tli'j engine. Witli high-speed engines 
care' slioiihj lie t.aken to make the movable parts hs light as possible 
and to ii.se ,su[ri('ientl.v strong spripgs. One way of arranging the 
breaking of flie current is described os p. 137 and fig. ,59. The igniter 
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is trluGT .shown in romicction wif.li ii iinmnclij imi llin haiiiiiiiT-bi'cuk 
}>i'ai' (laii, of coiireo, ho used together witii any other .source of current 
that may be desired. 

'rij('re are some ineoiiveniene.es, however, W'it*ii this .system lihe- 
vvisij In eii.se ol eondnistion soot is very eilsily dejiosited on 
the eleetrodes, and, it beiiif; liillie.ylt for the cuiTyiit to ]ias.s siiiih a 
deposit, the lunitioii can easily fail'wlien the points are reniovcd 
from I'liidi other. Theie can also be a short eireuit if the insulTll.ed 
electrode is earthed by heme covered with some substance which is 
a conductor ^f elei*trietty. In that cii.se, when t.he points ,ire moved 
awav froiii each oilier, t.he current lake.s the palih of least resisfance, 
and so tliere will he no spark. If llie eiiyine is \er\' 11^(1, it wiM often 
he found of .nh'antaee to take out the lenifer before slartiii” and* 
warm it. In the ca.se ol siii'l ion-pas pliyil.s tins may he done by 
letiinp it lie a inomenl on the producer. Otherwise the slea'" h. 
the c]iarpe«'vdl be’eoiidcnsed my comiiip into fontaei with the cold 
ipniter, or water, broiiehl. iii with the coiiijire.s.sed air u,se,rfor staftinh, 
may shiirt-cireuit. the^xunts. If- will then he imjiossihle to start the 
eiipine, or it. will stop apam after t^niie few revolutions. • , 

In order to escape the iiieoiiveiiienees caused by soot on the pointy 
atlciiipls ha\'i been made t-o lirinp atioul a slidiiip movcnieiit bctwciui 
tfic'lcvei H and the point I—a profilcni which it iij very dilfieiilt t o ^ 
solve Ill a satisfactory way, liowcvcr. in order l-o pive t he spark 
preatcr intensit-y, an induction coil without treinliler is iisiiiilly iii- 
sertcil in the eireuit-. The coil aW.s as a conden.scr. . 

T’le Lt^ge Ignition may 3 jc considered as an unproved form 
(/'• il ordinary battcry-and-coil ipmtioii using a spurkinp plug. 
Ks.a'iitial’^' it consists jrf a, lia-ttcry delivering currenf of low tension 
to iMi indmtioii coil and t-wo la'ydcn jars, wliR-h transform it 
i)3o a cuiTcflt of iiipii tension and liigli [re(|ueiu'y. This secondary 
current cau.ses a spark t.o be formed at the spurkinp plug. The 
ignitiyn is timed in tlie low-tension eireuit liy a wdpe-coiita.ct on the 
cani-sliail. 

The bat tery A (fig. ^Gj^ionsksts of a. ciflnmpii (i- to S-volt accumu¬ 
lator, winch, in order to avoid recliargmg, iii elect ric plants lyay 1*3 
connectetf tliruugh lamp,s to the electric, siipjily ijiuin.s. The low- 
tension current from the'hijttcry [busses tlirruigh the,induction c#il B 
with its condemser C as u.suiti, and i.s tiinefl liy the insulated wi^- 
conlact bru.slic,s D and E oif the cam-sliaft. («icc every revolution 
the two brushes are eXiutricalif eonnectf’d by an ins'ilated contact- 
piece in the rtiip F.^ 

Ho far, the arrangeiuent is about the .saijie asiu the ordinary luit.tery- 
and-<ioiI ignition. Tlie ijfcoudary winding is no*, liowcviy, connected 
to the sparking plug G directly, but,to the inner ooatyngs of two Leyden 
jars H arul K, as w»ll as to the terminals of a spark gup L. Tite outer 

• t 

^ 'two bruwhes are used instead at' one as in tig. so as not to “ earth ” 
the electric light mains whiclig happen to be used for charging the 
accumulators. 
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coatings of the Ijcydcn'iiirs an', on tlie other )r.ind, cotnieetcrl by M 
to the .spiirking plug G, ami by N to eiui li. 

When the jiriinary circuit is closed by fj:e livu.slies D and E, the 
induction coil is seV to work in the lusual way. t.hei'eby causing the 
current induced iii'lhe secondary winding to charge^f lie inner coat iu'gsof 
the.,Leyden jars H ^iiid K « ilh elect;;icity ol eijua] but ojipoKitepot.eiitinl. 
.At the same time the outer'coalings will become charged, ei|ually 



but, oppositely, both to the 
iitmu' coatings and to each 
oilier, provided''!,hat, they are 
eoimectfd together., In order 
to do this, Hifli(iul at the 
same time short-eireuit.iiig 
the sparking [iliig G, a seini- 
eondH(’'tor P is used. eonsi,st- 
iiig of (hlmp hh'Ming-oaper 
eneliised in a glus.s lube to 
preserve h.s nioisf.ure. 

Mill'll the jar.s are fully 
eharged, a, spark will jninp 
over at the an-gap L, and, if 
the width of this gap i.s iflieli 
that an o.seilla.tory diseharge 
may follow, there will be an 
e.xeeedingly va])i(l rise and 
fall in the ])oleifiial of the 
inner and outer y^ytTnjs., 
thereby causing alTalti'rnat- 
ing current t-o flow l.o and 
fro lietween tin' oiif.er eoil'L- 
iiig.s of the j'U's. This current 
will, on account of it,'j very 
high frcipicncy, meet with soa 
gveal,^ip])arcnt resistance (im- 
pcdaiicc) ill the conductor P 


that, it will t,iikc‘' its way 
thnjugh the air-”ap at 'ihe sparling plug<inst,cad. hkir the same 
rt.a.soii, the sjiark thus formed will mA, he shorf-circuitod l)y,#(itcr 
'or carbon and dirt clcjiosifs on the pKig, which, in other i^fion 
,sy.stcms, oft on'give rkse to tMiiblc. H should die pointed out, that this 
is so dioi'iitisc tile.'oscillations of tlie discharge at the sparking plug 
are so extremely rapid. ^Vifh an alternating current of lower fre- 
qiiency the fase wouW be ipiitc difl'cicnt. 


J'ig. 57 sliows^tiie high-tension^(-.onnections in I'asi' two sparking 
plugs,.C] and Gj, aft used at the same cylinder, end. The current 
then flows from one terminal oC the igniter through one of t,he spark- 
ipg plugs, through the'metal of the engine, and in through the''other 
■g|^r.kmg plug back to the igniter, th^ circuit beiipj complete and the 
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two sparking jilngs in .serii'.s, S ts a lwo-\v*y switcli, liy lueaiis of 
whioli eillior liigti-t('nsioii tcriiiitiaS R or T, caf! bo oarlliod, tlius stop¬ 
ping the ono s])arkino pbj" or )he*ollior troiii bring. 

Foijj.'i inulli-ov'lindoi’ oimino oiil)' ono gnitor is'rofpiirod, in whioh 
casual lugh-tonsiou di.stribiitor soi'vos all the o)iiiidov.s. In largo 
engine,s it will. howTvm'. bo. t(nnKl piadVrablo to use ono ignitor [or 
each oylindor in order to avoid o!n])Toyin» (ho distrilmtor. 

J.i. The Electric Current is developed by means of Power from the 
* ' • Engine itself. 

In (lu'caso of I lio'ignition apparatus jii.U. dost-.ribod^ jbo souroo of 
otKMgy (o.wopt wben oiim'iit from an oloetrio. power plant can bo had) 
o.onsistod of batteru's oraioumulatoi.s, oe. u.se has boon niadool energy* 
provioush' aoouniuiatod. But sueh 
eiH rg\' boi-onies o.\hausl,ed soonei' or 
later.* It fS tiaie tli.at aeennnihilors 
ean be retdiargod. biit^l^e V(‘ry laet 
l.hat. new imergv must be once more 
■stored i,s, of eouiso. a great, ine*n- 

oenienee. ..tt an oai ly period, t hero- 

fore^ eiirreiit from a litl.b' dynaino 
wa.s used, w Ineh. b\' means of gearing, 
wasilriveii irom the erank-shalt and 
o.ive a eiirreiil ol III volts. As. how¬ 
ever. batle|;y-ignition was reijuir(*ll to 
. Ia,ii the engine, tin' plan naturally 
foVoWi 1 ^)f eombiniiig dynamo- and 
.le''iniHila|.or-igiiition *111 which ease 
.lie dynamo eould, ol cyiirse, be e^n- 
pli yed to ('liargi' the aeeuiniilatois 
ami also lor lighting ptirposesat night. 

lt» is, however, a eominon o.x- 

porieneo ihateombiiiationsol maebine 

devioes for |>urpose.s ofidift'renl kinds are*sel4om suitable 'ibis wa.s 
the ease, hero too, anti so nrrangeinents were very .soon majje fiTf- 
carrying out, t he ignition us a whole alone, doiugiso, n»e was made 
of liuigneto-eleLdrieal appayat.us oP a eonstruction *))eeially deWsed 
for the ptii’poHU. 

Make-and-break Ignition with Oscillating Armature or Shield. 

Fig. .58 shows a Siciueii's 1-aniiature arranged bid ween the* poles 
,of a liorse-shoe shaped steel magnet,, ff thi'^ armature is rotated 
' betvveen the poles, there arises in the winding of t he itriiiature an 
alternating ouiTcnt which, twice rluring one rw'ohition, reiu^hes its 
maximuin, and twice goes down to zerr^ If the one pole of^ie wiilrling 
is connected with tlie electrode 1 tflg. ,51) while tiie other polfc is earthed, 
f nd if the electrodes I and H aaie suddenly si'parated^from each other 
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at tlie moment wlieu ili? armature* mrrent luiScreached its maximum, 
it is clear tliat a stroug .spark or arc it'ut "'ill be obtained. Tlie device 
is here the .same as that- described in A ; thj.di-fiVreiKie is merely that 
the, battery is exchanped for a dynamo. , 

In the case ol'statiouary e.iieiiies, there is u.se,il the iirrane(Jjnent, 
shown m fi}>. 58, in which the dynanui arma.tui'<' A is stationary, and. 
instead, .a hollow cylinder, B,‘, hv sfiield, arranged between I he armature 
and the pole-shoes of the maenets, swiiifis to and fro arojind that 
position in which the current, reaches it,s hiphe.st value. In order to 
make the intensity of the spark independent, of theispeeikof t he engine, 
a sprine is u.sod to .brino about the breakinu d' the currept. As is 
seen ky tin-*ij;un‘, th(‘ shield is moved out of its middle position by 
,a pick-blade fastened on to tlie I'lim-shaft of the eiieine, and by this 
means, and at the same t.ime, a eoiijili' of powerful spriiiys are made 



tense. These sjirines being so arianged that they tend to keep the, 
shield in its neutral jiosition, they will pull the shield hack with great” 
ijoeed as soon as it is d'eseneaged. With tiie 'sudden rotation there is 
devel6ped a strong current in the armature ■winding. Hut, in order 
at the same time to de-v'^lop the s^yark in tin.' cylinder, a rod S is con¬ 
nected both wit:"!! the .shield and with<t!ie, movable electrode. The 
colinection with tluv^eleclrode can be m adjusted that the ignition 
contacts are stparatod just.at the iigoiuent wlien the tension of the 
elcctrje eurront is<strongcst:.. At the severing of this contact, there is 
produced in the cylinder a’powerful spark winch ignit.es the gas charge. 

Fig, 59 shows aij, ignifion device aocoiyliug to the system, just 
described, but with a different construction of the detaihs. The arma¬ 
ture isjotated ba'cktlards and fonfards by means pf a lever JC secured 
to one end (ff the armature. On the opposite end there is ari-auged a 
clanjp, froto which thw wire D is ledi to the fixed electrode. To the 
lever K is attached the. rod M, which, at the one end, is connected 

* ' .C 
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with the lever R by ii^eans of thcllever N atiU a?ihaft journalled in 
the frame. At its other cud tiiel'od M is a^t.cd on by a couple of 
strong springs placed ii^ the cift’er L. The necessaiy oscillating 
moveiueiil of the ariiialure is brought, about by'the ciaiik-disc 0 , 
the r»d*P, and the gaiide Q. 'L'hc rod P is moved uinand down by the 
('-raiik*-di,sc. In oid?r to rciider it possible to regulate the inonient 
of Ignition, the guide Q is journa,lle(l*e.\si(4itrieally. ’The arrangenifnt, 
consists in the guide Q turning around a, pin iilaeed in the liole.U. 
which is'boied exeentrically in the sleeve S, wtiiidi, in its turn, is 
jmirnailed in ^le support ol the magneto, and can be .set n various 
positions bv means oilifhe ie\'er V and fhi' i(ua,dr;Mil T. 

Tim pTate 0 is diieen from I he eain-sliall .1 list*^lefore .evimy 
Ignition, the lesmt R IS engaged b\' th(‘ up[ier end X of the rod P. 
The arni.itiiie is Imrebv 
rotaled throngli a ceiiain 
angle, dining wliieii (he 

spring^ 111 L are made , _ • 

tense. When R is alkm-* ^ 

wards di.sengaged Irom X, - , , i, > 


the rod M is driven lapidlv 
t o t.he left, in wlmdi move- 
met* a pin pi'ojeeriiig Iron! 
the spring cover si tikes t he 
ntova,ble electrode G. 

VVlieii a, ga.s-eiigiiie is 
siopj)'‘d it fiiight hapjien. 
hiJi>’ever, that, on a.eeonnt 
ol the hi^li eonipre.s.sion, 
it IS reversed and imrlies 



* a Jew revolutions in 11*‘ 
oilier dr'ect.ioii. It will 


i-’m. *511. (Nydqusl & Itylni.) 


e.asily be seen tliat, il X and 

R shoTild tlien engage with eaeli otlier, one of them would be broken 
oil'. In order tolireveiit.this, the guide 0 is not journalled rigidly, 
but. is free to inovi' in ? d^'octlon at right angles to the, rod P. ^ 
kept firni4' pre.ssed inwards during iioiinal working by the .spang Z, 
and it is pushed outward* only in |)he case oj a reviS'SO nToveinent of 
the engine, the spring Z I liAi jteing pressed together.* , 

TTio above-named sy.sti^i, tlie make-aiid-^veak ignition w*tl» 
oscillating arniatiiTe, is^lrom a \jorkiiig ppint of view,«no of the best 
of tlie electrical ignition systems, and is tlierefoi'o employed^ very 
aenerallv with slationarv installations. Ttie spark produced is very 
inteiisiv'e, and it can be accurately tiimfd. Against the durability 
there is also very litlleto be remarked. The System lihs, however, 
a dangcrou,s rival in the Lodge igilition, 

For e’ngiiics with a high iiumbe* of revolutions, o^ the Other 
hand* it is not possible to e^iploy oscillatiiig armature, as the 
armature will not have con* to rest before it ^would be once 
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inoro iU'.tcd on by llic,pick-blade.? In siieb ^ases, therefore, use is 
made of :— ' > 

Rotating armatures or shields, ,;ith wliHi syslem the luoveineut 
for bringing iibout*t he breaking of flic eui rent is usually derived from 
a cam on the cam-shafti. As, however, it is attended with incoijveiii- 
etice to allow the, winding of tlie annalni'c to re^i'olve at liigh sjieed, 
lhf‘ firm of Itoscli.'h certain types'of arnialures, lets it .stand still, and, 
iiiaiead, places, between the armature and the pole-.shoes of the, 
magnets, a thin, rot-atingg sector-shaped shield oi softi iron. There is 
thus produced an alternating ciiiTent in the wiiidBig outlie armature, 
in the same wuiv as helore described. t 

Tig. ()l)^ shows (liagrainniatically how the break¬ 
ing ol the current i.s often arranged in the ease of 
vertleal high-s|HH‘d engines. A wssik spring a tends 
to hold Mie movable ideclrode b against' the ti.xed 
om; C. The former electrode is acluafyd, however, 
by a verlic.d rod*d. Tliis rod, which is piessed 
dowiiwaids by a. sfrong sfirnig, keeps the two elee- 
ti'ode.s separated from each other, so that- no cnrrmit 
can be induced fn the circuit, immediately belorc 
the moment' of ignition, however, a. little lever, f, 
is lifted upwards by the euni n seeured to the oain- 
sliaft. The lever, in its turn, lift.s flu' above-nanied 
I'od, wfiereby the movable electrode b is released 
and eoine.s to rest'^igninst tlie fi.xed one. .'tii electric 
ciiiTciit IS now induced in the w'lre, anil Ibnvs Ihiougli 
the igniter. Then, when I'lic ea.m comes info iic 
position sit'iwn in the figure, t'he rod rapidly 
pushed downwards, a.iid thereby .suddenly se])ara.l'es 

D Jfj'-t', ,7( I he f'Wo elee.tjod«s Ironi caeii other. .4»,spark isl Uu.s 

1’j proiltieed at the. place ol breaking, and igiiite.s the 

T charge. The (piicker the electrodes can be separaf'cd 

no from eacli other, f.c. the more suddenly the bi^'aking 
of eiiiren) takes jilace, the more intensive does the, 
jliark become. As was stated in A, in the 5ase of multi-cylindrical 
engines, the electrodes must not lie against' each othcriwhen the 
ignition islo take, [ilacnin other,cylinder,s.. It. is also shown by the 
fi^giil'c how, in if very .synple way, aniafteration in the moment of 
iigt.ition can lie olita^ied by making the»fnlorum of the lever f, which 
is acted upon ley the cam, djsplaccalije. , 

In the, ease oi high-speed etigine.s, however, the movable make- 
aud-irreak rods oecaaion iertain inconveniences. For one thing, the 
engine often become.s conip'iicated in consequence, and it is also .often 
neces.sary td drive, tlie. make-and-break gear from a shaft journalled 
specially for tliafpi*po.se close, to •the electrode, in order to keep the 
masi5 of tli^' movable parts si^all. But, in addiliou to the further 


* Z. Ver, deutsch. Ingt, No. 18, 190G. 
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complication of the engine winch Ji'sult.s, il liccoincs difticult, 

to secure cood luhrication of ’I'lfese niid other iuooii- 

veiiiciices have caused ay.enipts |o he made to do without, idiese 
recipvucjjtinn nuike-and-liveak rods. 

Oi^' method of .‘|ilvine the prolileiii consists in« plachti’ a little 
eloctro-mafinet close ui the iiioiaihle electroile. I'lveiv lime ignition 
is to take place, the miiemd. aJ.I racts tlio eiectrude, aiM in I his nianiitu’ 
breaks th;' current. This system, uhii'h luis shown it.sell quite, 
reliable, is in use in ..\merica fni .stalionary eneiiieS. 

The Bosch Magnetic Plug (Honold’s System). 

A few years ano the firm of Ko.sch introduced a new eoii.truction 
of the. ahiive-mentioned system. 

hie. Ill shows a. .section Ihrou.eli I he pin*. In a well-eiioled part 
of th(m'ylin>|^r there i.s sciewed in, in the iisiial way. the nui 1.^^ Inside 
this laftm *eoidae.t-|iieee 2 is sfispended on two edee.s, Tlie jirny 
edee projects from I lie .pifle-piece 3, and tlie other from a. sprin.e 4, 
whieii t.eiids to keeji tlie eolitact-picee 2 pressed aeainst 4ie other 
conta.et. 5. Around the central part of the 
jilue IS seen the coil 6. which is ideidrically ;o- 
conn*et('il with the shell 7, with the sleeve 
8, and, by means ol the riiip 9, with the nut 
10. The nut 1 is insulated from iJie other 
yiaii.s, hut, as il is screwed inlo f.l^‘ cylinder, 
the (•on1a.ct*5, which is fasteiie*! in tlic nut, 
will be earthed. In the pole-piece 3 there 
are place* a couple ol eoiniter-pieeei* 11 

1 io * '! 

anu 12. 

'* •With eii.e»ies ol le.ss»tha.n 2511 ijoii^lions 
per mimi'e, oscillaline armature is employed, 

•ixeept for lai'ce eiipines, the ma.,s'netos ol 
which*are jirovided with rota.tini; armature. 

When t he armature is releimed and, by meajis 
of the stronjj, springs (fij. wt). is earricd jiast 
its neutraliposition, a jxnverful cuiTont llow,s 
tlirouf-h the. coil 6 (lipr. 61). The. ijolc-piec.e 
now attracts the cont.act 2, tlwreby suddenly, 

Beparatinfi its lower part froqj the contact 5. 

But, at the same instaji, there is forniei^at 
the breaking-point a spark whieh ignites the eluirge. 

For emdnes rnnniiig at a high number of revolulions, rorating 
armature is used, or else stationary a.rmIVture with rotating shield. 
As the two contacts 2 affd 5 always arc in confact with*ea.ch other, 
except when the spark is being formed, it is nwessary, in the case 
of multi-cylinder engines, to provide, tjie magneto apparij^us with a 
high-tension distributor which puts only onc^ plug at a time into 
conductive connection with theearmature winding of the magneto. 
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The essential!! iniw idea in f lie eoustn^jlioii in question thus 
consists in the coil beiilq placed ce tinlly around the movable contact, 
and lihat this latter is not’ luovableMn the ordinary wav. but. is instead 
suspended on ed^es. Jiy means of these alterations it. lias,bouome 
possilile to so iai' reduce the dimensions of the e|iai.kiiii> pine fhat it 
can lie screwed into a j'-iiicli eas-tapiied hole. 

* Maenet.o-ele.ctrical systwii's i^orkmn with movable sjiarkine plan 
(also called i”iiiter) emjiloy, eompai’ed with sueh systeniji as make, 
use ol fixed phie,* a eurrent of eomparatn'ely low tension for the 
formation of the s|)ark. TJie former system "is. t/ierefore, often 
called hir-Icnsion 'iijniliuii. in eoiitra.st with th« latter, wlijch has t.he 
namij of hiffk-li'nnion 'njiuluin. An example, of this hitler is 

The Bosch and the Simms Arc-Light Ignition. The magneto offers 

the advanta.ge of a. soiiree of eiiet'gv wddeh is ahvav.v avadalde. The 
^strong side of the fixed fleetrode, on the other hand, is tliat it does 
not require aiiv moj able pavt.s at. all. It. is, Iharefore, j'uit.e natural 
..tliiU an endeavour should have ISam made to unite both i'orms in 
one ignition sy.stein. Of sueh apparatus ‘iln-re are quite a numlier 
of difler^iit makes in the market,^of whiidi the lioxv.h a,iid the Simnix, 
whicli latter is of the same general de.sign, will now be. de.se.ribed. 

Kig. ()2 sliows diagramnialicidly the u.rrangemeni of lids ignition 
svsleni, till' so-called nrr-li</lil Kitniiiiii. 'I'lie apparatus eoiisiifis of 
three eliiei parfs : — 

(1) The current-producer proper. 


(2) Tlie make-and-break gear. « 

(S) The high-tension liistributor. 

As in the former case, a Siemens aimature is employed, ilie 
wiring eoiisislit'g of two pafts. the primary and tlie .seeofjllary. As 

usual, the primary is eon-^ 
ftected to tlii“ iron nia.sffof 
the arinal.ure, and, by 
means of the wire B, .stands 
in eonneetion with tTie coii- 
.tael-serew C, under wl 
is*a litfle earthed leve^ 
The lasl-nametl lever 
♦K'tuated by a cu.m E. 
The lever D is kept pressed 
by means of a. spring 
a,giiiiist the cam E, which 
is provided with notches 
in such a way that the 
lever D forms contact 
with the scAew C innnedialoly licl'orc ignition is to fake place. The 
condenser F is collected m paifillel to the bi^eaking-pojnt. The 
secoTidary ^vinding is led to tlte sparking plug as a direct continua¬ 
tion of the primary. , When the sca'cw C and the lever D forta con¬ 
tact',.with each other, the primaiy circuit is closed, and a powerful 
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current then arises ni the same. ^Ihis current n{)\v (|cerciscs a reaction 
on the lines of foi'ce®which ^ojliiced it. •Then. Avlien, at the 
moment of i^nilion, tlie lever D ft sinhhnily se])aratcd hy the cam 
E from the contiiet C, Uii? miction ceases—which, In its turn, brings 
about*if rapid a.lh'ration in the number of litu's ,of ions' in the 
armatTiro. The t(‘n^ion of the euri'enl induced in the secondary 
winding thus becomes so gteifl s'j)ark is donned between 

the ])oin1s of the spat king ]>Iug. This spark <liminisli(‘s tlu' fur- 
vesistanee *so mueh lluit flte current produced liy the rotation nl 
the iiniialnrt' ^an 4>l!ov, llie pidli foiined bv tlu* spark, aiul leap 



-lOW TtNbIJS -.rNNflTlON 

I AaHI JK t/KKiM 

i-'m. Ult. (I'in- Maunoto ('o.. Lid.) 

over lit tbe plus *" 1*'*^ *'8*'*-' 

method of worldiij- of tho,api>avalti,s thus dej^encls (A ii liTfrh-tensiM 
current dovelopiiif^ ii spark ^vhich, in its ^turu, fcfl’ms a kincr m 
bridge, over which a curreiit of lower tension cxmtiimes. Tii, 
oharactoristic feature of^this is that both^eiirri'iits hav* tlieii souiee 

in one and the same winding. , 

The .sparks obtained in this manner ai^ of ennsideralily giTaiter 
intensity lhaii those produced by battery‘ignition, but. eaniiot, how¬ 
ever,‘compare with thosf whieli are obtained i»ith make-aud-break 

Ignition. . I 1 * 4 

Fig. g 5 shows i section of .such ^n ajiparatus inten^lod tot 4- 

cylindtr automobile motors. ^ , « . . , 

Dual ignition systems arc aiso employed, consisting of magneto- 
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i<)nil.ion for norniT!,] \v^)rkiii<j, iiiulihatlcry-if^nitioii for starting. As a 
rule, the same sparking plug s(>rv| s [or both fgriition.s. 

’if _ 

It need not !*' said lliul the e'.igiiu' stdjjs if ignition eease.s. Tliia 
fait makes it a,very simple matter to at.o]) an engine suddflil^-, and 
can also be employed in ordei to obtain seeu^ity against rating in 
the event of tl^' governoi;, gearing *10 work. Koi- this ])ur|)Ose the 
ei^gine is provided with a. littli' extra governor wliicli bri'iiks an 
eleetrie eoritaet inrtlie event ol a certain iiumlier of revolulions being 
exceeded. 


Starting Arrangements. 

One of the greatest ineonvenience.s with combustion engines i.s 
that they cannot be sla.rted in ,so simple a maimer as. (•,//., the .steam- 
engine. There is liere ifc sort, of energy to fall back upon at once. 
Imt this imrst first [»■ produced, or, at least, trajisforined into a foi'm 
.suijable fiy starting pur])ose,s. 

Starting-Cranks. —Small cugim's am lunvd round by hand until 
a (diargg i.s formed and ignition is obtained. Hut, even in the case 
of fairly .small cyliiider-dimensioift. compression becomes unpleasantly 
”np])arent, and it is. t liereforc, iisiud to ])rovidc the lylinder witli 
compre.ssion release cooks, or to keep the inlet-valve, open dining a 
part of the ec«n()re.ssion stroke by means of a special starting-cam. 
ill this nuiimer tlie compression can lie .so far reduced that starting 
by band becomes ])ossible, even in the case of fairly large luigines. 
As w<> have said, the simplest, method is to swing the Ilyrwhi'el round 
liy hand and, by this means, draw in the charge into the cylinder. 
But as the flyi-wheel, liowever, is not always viwy accesijiJile (in the 
ease of autonnjbiles, for e.xample), starting-i’-raiiks are used instead, 
wliieh are arranged on the frorit end of t«ie erank-.sl^aft, and t^iei't* 
give a fast .hold liy means of a claw-like clutch. As soon as tlie engine 
starts, l.tie crank releases it.solf, after which it can be drawn off from 
the crank-shaft. Tf, however, the engineer has iorgotteii to»change' 
the ignition to late ignitmn lietore starting, the gas can lie ignited 
even before reaeliiitg ihi' dead centre. 'I’lie'risk is then run that, on 
accoKiit of its relatively slow speed, the engine will sjiddenly be 
rever.sed, Tn wWeh eai^ the engineer niay^ ea.sily get his arm or leg 
'or8kon. The danger o^f ihi.s Inipjienyig is, of eoiiivse, greater with 
■«iKgine.s having liot-tnbe ignition, where it is not possible to regulate 
the moment <)t igiiTtion iii^ a thorougmy reliable manner. In order 
to render sueli ^iceident.s impossibfe, a number of so-called safety 
eran'K.s have been consti'ueted, but they have, not been very much 
used, however, A better method is when the ignition i.s automatically 
changed litlat.e ignition, when put.ting on t^ic starting-crank. 

Ignition of the Charge, —in order to avoid turning the, crank 
roulicl” which, in the case of hyge engines, i.s a matter of mfich laliour, 
or is absolutely impossible un!e.ss special gearing is provided, the 
method of pumping’ or sucking m a petrol-gas charge into the 
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cylinder was early introduced. Jf (he (ly-^'he'^ was aft<'rwards 
turned so ninch that (lie crankJi.'ll passed tl>e inner deiul centre, it 
was then only noees.sary to .s\m*i on the ignition, whereupon the 
enijine .starteil at. once. *As a pefrol-eas e.liarye riliieh is ienited at 
atmoipTierie jn-essiire ex])lodes u]> to il-H atm. (TO- iio liis. jier 8(|uare 
inch),*it IS clear tin* a ]KHverfiil forward imimlsc is obtained liy thi.s 
method. The eiijiiiie should l»* stained i,t no load, ■iiowever. Ijai^'e 
blast-furnace f>as-en”ines, even, have lieen .started in this maimer.^ 

Another way soniet,lines employed is t.o start tile eiiyine by tiieans 
of a shot. A c^rl rid^’c is put m tin* eylinder-heinl, and (lien diselinrffed 
by a, coiitrivaiiee re.si^nbliii'’ t.hat of a pun. Although this method 
ha.s been Employed with ei^piiie.s up to 1 In H.P,* it eaji»scare<‘Jy be 
said that it. is a very attractive one. 

Multi-cvlin<ler petiol-enpiiies ean often be ,sfn,rted in a very simple 
wav. unless too loiip a tinu' has elajised siiK^' tlicy were .stoppeil. If, 
for example, a l-cjdinder petrol- or pas-enpiim, wit.li the cranks 
.standifle al.^.^ttr’, is st.opped by switehinp off the ipnitioii,one of.tli^ 
pistons will always sl.np^il»expansion, with ipnitihle pas in the eylinder 
belonpinp t.o it. If, beforehand, the enpinc i.s unloadi'd, tl«' erank- 
sliaft will oeeiipv such a position •that the pas-pre.ssure on aM l.lie 
pistons will balance eacli other, this ta.kiiip place at a. erank-anple o5 
aboi^ tint II, Ill addition, the eontaet-breaker is so arianped that 
It ean pive late ipnitioiis up to aboiil tin’ evaiik-aitple, and if the 
enpine is provided with battery ipiiitioii, it. is merely nec.e.s.sary To 
put the ipnilion crank at '■ lateJpnition.” after which the enpine 
st.ii'ts at oiii'e. This s\'stein cs^n onlv b(‘ employed, howevet, *vh('n 
tin- enpine has not sl.ood still so lonp that the pas has leaked out of 
the cvliiul^rs; but, if tlie valves and tli* pistons do i^jit leak, a start 
ean be nia.de after a lapse of ,sev(>ral hours. The^sy.stem is fully 
•rii^abie, howc^-er, only with piipines,wiyi foiii or more eylinders. 

Starting by Electricity. -The startinp of enpines that lii'e u.sed for 
runniiip electric p('nera.tors is often a very simple matter, for, if acce.s,8 
can bf*had to storape batteries or to any other source of current, 
it i.s only nece.ssarv to re-switcli the pencrator, driven liy the pas- 
cnginc, in such a way Ifca^uirrent is led to it Irom the outer source 
of e.urront. The peiierator t.lien acts as a motor. As soon the 
ga,s-eupiiie lias starliai aij^l the ipn^tion has ^ommeffeed fo iicf, tlie 
switch should he reversed, wli 4 ‘U the d'-miino^will resflmc its funotffi^ 
us generator, fii the (ase enpines of liigh power an aut.omaU!t» 
switch is arranged wdiich hrciaks tlie slarUnp-eun'ent i^s soon as the 
engine has got its fir,si* ipnitioiis. Tlii“ dynamo tJieii \vork.s at no 
load until the eiipineer has switched it on tuthe electric mains a^tiin. 
When t.ln,s metfuid of starting is cmplo)*t'<l, tlie cam-shaft of the 
enpinS siiould hi' provid'd with special displlceable ctims which 
permit of a lowering of the cnm]iri’€sinii. 

Starting by Meafts of Compressed yyr.— At a vmy ear^' diite'the 
possiliiJily was .seen of using conijiressed air for startinp purposes. 
For, if u supply of such air is stc*ed beforehand *it i.s merely necessary 
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to alter tlie valveT^ea'j in sucli a way tliat Itie engine c;<an work as a 
comprexsed-air motor 4or tlie first) fcyv revohifions, until an isiiitible 
gas mixture is drawti in. SjKMipi, arrangements are; of course, 
nece-ssary to prodliee the eom])i'i'si al air. *\n air-reservoir is always 
necessary; luit, in the ea.se ol small engine.s, the eompressoi*(*n be, 
di.speii.sed with, dust before the engine is to rfe st.opped, tin* fiiel- 
pifdng is, for t.lii* reason, slyit off siiifiilt.aneon.sly with the opening of 
the pipe between tlie imgiiie a.iid the reservoir. The engiii(‘ is now 
kept in motion for« few revolutions by tlie fly-wheel, whilT' the pure 
air which is thus sucked in is coiujiressed, and the,n pressed in through 
a non-return valvi- into the air-reservoir. Thy cost of this ariange- 
ment and oi jt.s ma'iiagcment is, evidently, very low; but f-ipially, of 
course, is the ineoiivenienee tliat we gid, only a relativelv small aiiionnt 
of air at oiir disposal, so that, if the .starling should happen not t.o 
succeed, tlie air is all ii.sc^ up, and there is no po.ssibility of reincving 
the supply. For this reason, a little compre.s.sgr. woi'ked by hand, 
.ougjit aiwayvs to be available. • * • 

In the case of large installations a rsjAgeial air-eoiipiressor is 
arrangec^ which is driven, independent of the engine, by eleetrieity, 
l)y«nteaiis of an oil-engine, or thf like On the other hand, there is 
■Til'tcii compressed air available for other jiiirpo.ses. such a,- tor pneu¬ 
matic tools, etc., and in such a case the simplest. ]ilan will be to ^nake 
use of this. Iff will often lie suitalile to arrange tlie ('om])rcssor so 
that it can be driven both from the engine itself and from a special 
auxiliary engine. As regards pressure, this varies between (i and 
25 atint (85-350 lbs. per square ineh^. The use of high,pressure has 
the advantage that tlie engine can be started with the load on. 

Tn starting, the engine the fly-wheel is t urned rmiiKl|^ eii lier by 
hand or by mea^ns of gear, so that the crank <'ome.s some degrees into 
the expansion .stroke. Tbe,inltit-pipe for«tho gas i3,1heii opeiyd,' 
after which a valve in the cylinder, and in connection with the air- 
reservoir, is ojiened bv hand. Tlie air rushes into tlie (•yliiider, and, 
as soon as the piston has begun to move, the engineer shuts ^he air- 
valve. The air in the cylinder now expands, at the same time driving 
the engine, round. At the end of the .4cn*te the exhaust-valve is 
opoind as usual, In most cases the fly-wheel has iio^' acquired 
enough tn^lllen4^lnl fo% the lilowiiig-oiit lyid the suction and com- 
’j.i"B>sioii of the liew charge to take pl<Y-('. The engine gets a further 
..niijiulse by the ignition which immediately fnllow's, after which the 
engine eoiitii;uies t(?'work ,as usual. Althoiyrli, as we have said, a 
single filling of air is, as a rule, all tfiat is required, there, can be cases 
whefi two will be needed'. But as, natuvnlly, it is dilHeult properly 
to regulate the admissioir of air into the cylinder after the engine 
has started", it will iif found better to use sufh a high air-jiressm'e that 
a single air-filling w^l be enough. ♦ If measures are taken for lowering 
the'compression, and if an air-eiressure of at least*! 10 lbs. is'employed, 
this end will, as a rule, be attained, at least after the engine has been 
in use for some time, so that it has Iji'gun to run ea.sy. Tiijthe event 
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of fic.vcial iur-liUiui;.s being iiec.essii.i'y, Un; gas-{)ipi'*g .should not. bo 
opened before the eoinplessed-air in' ‘I, lias beei» elosTid. 

Larger engines have Uie. val»e- ear provided with doiiiile emus, 
which are arranged mtercnaiigeabll on tlie e,am-sli'ift. Just bi'foro 
the eiifpfte is slopiiiHL Ifie engineer seizes the oppurtiiyity of iJirowiug 
the ca4ns used in aiirking out. of gear, and to bring over the starting- 
eanis. 11 he has negleeted to do^llus* hy'^ever, the Hy-\vheel must lie 
rotated sullieieiitly lor it to become possible to throw out the eaiiis 
under the toilve-rods liulongiiig to tliein. The starting-caiiis are ofTen 
given such a sln^iie tl^at, when they begin to act., tlie engine is elianged 
into a eonipi essed-air jiiolor working on the two-stioke c.yele. Thus 
all that ^la^ to be done afterwards is to open the «utuk(;*il the com¬ 
pressed air. Tlie engine then starts at once, and work,s with air 
perleetly jutimiatieally until the stai1ing-eanis are thrown out. ol' 
gear and the iioimal valve-gear comes into |.4ay. In the event of tlie 
engine beinr imilli-rylindrieal, it is not absolutely nece.ssary, and, 
under I’ertain roiiditioiis, nol e'*en advi.sable, to provide I’very 
oyliuder with eompress^dnur starting-gear. On Ihe'ofliin' hand, in 
the. ease ol large engines, it is advantageous to provide so many, at 
least, ol the oylindeis with uii-vaKeS, that the engine can be. siarUid 
from any po-sition without, a jirying-over ol t.lie lly-wheel being at. all 
nee.e.ssary. It should be observed, however, tliat, as a rule, there is 
no lisk ol the eiigini' stopping at the dead eentre, tins keiiig prevented 
by the high compression. It is clear, however,^ that tliere is no 
a!, uhite .security I lint t his will not take jiliice ; but, m the event ol its 
happeiniig, U is only iiece.ssarvrto turn the lly-wlieel a lew degrees 
loi wards, i'ingines with many cylinders, as, for example, t hat shown 
ill fig. til, '^in, ol eour.se, be started in *liy case Iroi^i any jiosilion, 
tlie,".' being no dead centre. 

* starting Means of Auxiliary, or “Barring, ” Bfngine.— A largo 
engine, eai) be stalled by coupling to its lly-wlieel a smtjiei: engine 
vliich can be started by hand. In such a ease the larger engine is 
provided witli ai raiigeineids lor lowering the compression. The 
auxiliary engine may. Unnecessary, be eni^iloyed (.luring tlie working 
for lighting piirpostss, etc* ii electric power i.s avoulable, it is esjiecially 
suitable. 

In the ca.se of large ga,s-eiigincs,^hu lly-w|^e,ls of •w'hicS camouly 
be turned with dilliculty, use Jiu,s been niad^ ol the flectric starting 
aiTangeuient shown in hg,s. and (>5. An electric motor drive*)*, 
by uieuiis of a flexible coupling, a wonu-^euring*! wliicji, in its turn, 
drives, by means of a spui-wlieei gearing, ii toothed wlieel a acting on 
the fly-whe(.'l run. By the re.sistanee I'toiii Hie liy-wheel the levtr h, 
which support,s the said toothed wliecl, is pressed iigiiiiist a sto])per, ,so 
that th*e toothed wheel is kfpt in a suitable engaging posilioit. As soon 
as the lly-wdieel increases its speed, 4he pi'cssiire o# the toothed wdieel 
will act in the opposfti' direction, therel^’ throwing the levjr h to the 
other side of its neutral position, where it is retained by its own weight. 
By this disengaging of the tooth(^ wheel a, the Electric current is also 
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Kwitc-liGcl oil autj|'an;4i<!iilly, uikL the motor stops. These stiirting- 
maehincs, wliieli, of eourse, it is (|>siyalile to Wtcp as small as possible, 
arc not capable of giving a large gaj^-eugine sufficient speed foi' starting, 
but they are emjiiloyed to drive he engi/fe round wlum it is being 
(ileaned, aiui tiv turn the erauh to a suitable position wfi'eii the 
engine is to be started by iiieans of coniiiressevl air. This position 
isiaboiit .'3t)“ past the, dead eei’tr' on*i.he expansion stroke. 

Cooling. 

An indispeiusiible condition for obtaining reliable and economical 
working witlj, coraleustion engines is fhaf, the cylinder niirst be ade- 

(luat-ely cooled, as otIn'rwi.se the 
engine, not only works wa,slefully, 
but it also runs the risk of bi'ing 
destroyed. If. is true that, on an 
-average*, oued bird of I fie befit, which 
is siijijilied passes off with the 
eooliug water; but. tins lo.ss, in 
' nuidern engines, is, in any ease, un¬ 
avoidable. 

The first (|uest-iiin that prj'.sents . 
itself with regard to the eooling 
is that respecting the amount and 
outlet temperature of the i-ooling 
water. On t.he one hand, it is self- 
evident that the cooler the walls 
of the cylinder, the iiyiiv heat is 
carried off from the gas. Krom this 
. jioiiit of .view, then, we ought tp be! 
a.l)le to expect both greater power 
and a smaller consumption of fuel 
the weaker the cooling i,s,»p'.c. the 
wanner the walls of the cylindi'r are 
kejit. ''Bivl., on the other hand, 
the charge is heated dur.ijig the suc- 
, tioii stroke by radiation am! con¬ 
duction'from the liot walks of t.he 
cylit|der, so that asmaller weight of 
ga.s mixture cpmes into the cylinder thii hotter tlie walls arc, i.e. the 
weaker the. cooling is. A.s, however, it is the, weight, and not the 
volume, of the sucked-in. charge wliich determines the pownu' of the 
engine, a pow'erful eooling tends to have a favourable intluence in 
this respect. There are thus two different considerations which are 
in direct opposition„to each other 

As we sliall see later on, high compression-pressure is of decisive 
impoj'tancd' for the economy of the engine. But with high eompression' 
there is also a greater tendency to' pre-ignition, and this risk isi of. 






COOLING. 


147 


course, iucre.ased in prcjportioii as i’lc tempei'alure/)f the walls of the 
cylinder rises. Here, therefore,iw/• have anoflier weight y reason for 
employinf- powerful eooli*':. Tliu'' (or exainplo, tl^e firm of Koertiiig 
places n special coolinp' box in tin* e.ombiistion-chainber (si‘e lie. 80), 
in orjer to be abh^fo mereiisi^ the ('oMi])re.ssion wHIioiit dan”er of 
pre-ignitioii.s, and'by thi.s nieays good results luive been obtained, 
in a word, the importance which shtuilTrtx! iiscjHied’to eiicli of these 
consideration.s vanes greatily w ith dilTereiit. engine .systems and designs. 
Large gas-engines require cclinder constructions wnh relatively larger 
cooling surface.^ thiiH small engines, while, on tli" contrary, in the case 
of the l)ie.jel motor, n*i regard need be paid to pre-ignitions caused by 
hot cylinder walls, as |)iiie irfr is her<' compressed, * 

'rile temjieratairt' of tlie cooling water has a great lultuence on thi^ 
amount of the friet.ioiiai lo.ssos—i.e. the colder the waiter, the greater 
will be the fiictional work.^ In the literature of the siiiiject this fact 
i.s put f,ortt»"(i W'lthaiit any ullem^it at. an e.xjilanalion, althougii one 
can very easily be given. In the case ol engines of tile ordiiMii'-yi 
trunk-piston typig the,'piston is given a fairly coiLsiderable length, 
and is t.urned with a diameter wliicj^ is only .slightly loss than that of 
till' cylinder—just enougli for a proper clearanoe to be obtained lie- 
tweeii the piston and tile, eyliiider during normal working eniiditions. 
If th^ eooljng i.s made'more eifeetive, so that, tlie temperature of the 
wall.s of the cylinder falls, the cylinder naturally eofltracts, and the 
clearance is thereby dimhii.slied. This, in turn, results in an inerease 
ot the frii'tional w'ork. In t.he ca.»> of engines witli long jnst.ons and 
CO ap..rativeTy small elearanee, «hei'e olten arise,s—if the tempefature 
of the cooling water is lowered some forty degrees— a dull, low 
Bound, wlii»h is a sign Jliat the piston is'working harii. But, on the 
^ther hand, the cooling must not be, too weak eitlnnn as in tlial. ease 
ti;i*'e will liif trouble with the lifliritaOion. The Iriction is then 
inercaseo, and the piston gets hot and scrapes against Hie walls of 
the cylinder. 

From this we find tiyat the determining factors of this (juestion 
an, in part, contradictJV. and the only thing left is to decide tlie 
matter liy experiment. In the ease of smaller-sized engines, it is the,, 
custom lo7et the cooling water run off with a highest^teiinjeratSre of 
lfi0° F. An excoptioii tw thi.s is ftrined by^alcoliol-ongines, wliud)^ 
as a rule, work with a coolin*-water tempeKiture of nearly 212'^^ 
In the case of large engines^n the other hanj, where the coolifig" 
question demands groaHm atteiif,ion, the Jiighest outltft temperature 
of the water alloweil is 120'' F. 

Thi aiHOunt of the cooUwj wnin depends,'in great measure, on the 
construction ot the engine the fuel employed, etm It varies between 
such wide limits as 22 and 111) lbs. per ILF. ])erliour. Alter having 
decided oik a certain increase in jafket-water teifperaturc, the,water 
necessary can easily be computed. Sufpose, for exaraplefthat in an 

8ue, fur exapiplu, SchiittlA, Vcr. dcutdch. Ing., No.,25, iU08. 
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(‘iigiiic runiiiii.L! ()| hllst-Iurnaec tlie tPiiLperature of the watcv- 
juckel js to be raised'from bO' K jpl.b" F.. i.<’. by lib’- BO'=55". 
Denote liy // lbs. llie water needel e'er per lioiii'. Aeeording 

to Table XVll.. oil p. 271), the thermal ellieieney of an eiiyine^of this 
kind will beabowl 25 per cent., while 57 per e('nt|[ol the heatinyjvahie 
(if the j;as will be carried away with the eoolino w'uter. As, further, 
'JCilD B.T.U. pel* liour eorrer, tmd to 1 11.1’. (p. 271), we ^et 

I ( W ) 

<M’r7. * ,.2r)lf)--1 i/-',r)5; 

25 ■ , , 

IJ — 6S lbs. water per.Jl.11.1’. per hour. 

The liniV'.if .Na])ier in London has eitrried out an inlerestiny e.x- 
oei'inient with one of its aiiloiiiobilr motors, the result of which is 
given here below ^ ;— 
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As nniy be seen above, the power was greatest and the eonsuniption 
of fuel least at'a teni]iei'ulure ot a.boul Tit)" F. Tliu.s, iiTthe ease of 
the ('iigine in ipieslion, this teinpeiatiire wjj.s the inost^^lavourable in<- 
every re.s])eel.. On a lowering of the temperature, the engine rapidly 
deteriorated, while, on the other hand, an increase of t.he teiujierature 
lias very little elfect. It is, of eonrse, possible that the. comsiHuption 
of fuel increases at 185 ' K., in order to fal], again later on ; but this 
appears .soini’what iieeuliai", and, V(‘ry po.srfink , may have been caused 
-by some accidental circumstances. One cannot, of course, draw the 
deduct lontfroni the,se experiment,s that a temperature ot 119" F. is 
best for otlv'r engii'les too. ' , 

f It may be taken as il general rule that the cooling water .should be 
Tupplied to the cyliitder from below, am; carried off from above. We 
can then be certain that rtie watci* comes ililo contact witli all the 
heated jiai'ts. Still, waL'r is often admitted in the vicinity of the 
exhaust-valve in order t!ia,t the latter may sccuto the greate.st amount 
of cooling.iio.ssible., If, in such a case, a,,good circulation ran still 
be obtained, nothin^ can, of coui'Sji, be objected to in such an arrange¬ 
ment.' in order to obtain a .sufficiently good circulation,'it i.s often 

i 1. 

r 'i’ho Aulomotor Journal, No. 10, 190'h Tho table has boon oomputod from 
the figures given in tho auouunt montioned.* 
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necessary, in the casc^of large engines, to prtfv’idt^special walls into 
the oooling-cliamlier for the ])i4rp .se, of coiufueting the water. In 
addition to this, care mnsf. be ta*e‘v that the constriiction is such that 
no air-uoehefs can arise under an\»eireinnstanees. 

1J the ease of hiiV' inigiiies the (litfeienl. pai'ts, smh as I he c.vlinder, 
head, valves, exluinsl.-pipes, etc.^sluiuld have separate inlet, and outlet 
pipes for tlie water, so that the eootinj^tif eaeh spe’ia! pari eau be 
regulated.to the most siiitabh' leinperature liv^this nioans burMer 
control is likewise obtained ovei' the pvopei' circulation of the water. 
While, for the^artifjust mentioned, a pressnri' on (he water of about 
l<‘el^ is ([iiil.e siifiiciont. a water-pressiiie of 10 -70 lbs. per sipiarc 
inch is rcijuircil to counter,fet the inertia to wliiihi tlic'i^'ciprooating 
water in flic piston and pision-roils is e.xposial, viz., if the waliu' iij^ 
to ])a.ss tliroiieh onlv one piston ailh the ]ris1,on-rod belonging to it. 
If, on the (hber band, in the case of a Iaiideni-cylinder engine, the 
same wati-i'ilias to ii.-fss through both jnstoiis, a jmnsiire will be re((uired 
of l-.h o aim. (ti.b-TO lies, piw sipufre inch). If w.ater witi .such bigU 
pressuj-e eannol he got Troin I he inaiiis, a reliable pressnri'-piimp must 
be arranged, whieli presse.s the wa.t(jj' through t.he reciproeat mg parts. 
About, tl.h per cent, ol the tot.al amoniit of water goes, as a. rule? to 
t he I'ooling of ( he pisl on. I n i.liose ease;; where I here is not. a siifrieient 
anio»ii1 ol cooling water, it must, be re-cooled a.nd used over again, as 
in steam-eiigiiie phints. By tills means the amount ofVat.ev consimmd 
e.iii be restricted to l-f) llis. per B.lf.T’. ])er hour. Tn small plants 
irse is made of ordinarv cooling (wik.s. in which (.he water is^illovved 
to SI iml e.iftil it has bf'come •■ooied. fu other eases tlie waler is 
alloned to run over a. so-called cooling (.(uver. very .suitable and 
simple om tg-an be arranged m the ease iff small engim‘S by (‘vee.t.mg a 
stand in a. tank, provided at the top with a ring to wliieli are at.taehed 
li.mging strin^.s. The cooling walet is^allowed to run down into t.he 
tank ali.ng the strings, and, on aeeoimt of t.he finely divhled way in 
which ^ runs down, gets cooled bv t.he outer .air. From the tank it 
is then piimjied into Iheengine. 

The cooling hit.liert^Snkeii ini.n enn,si«!eration is that ordimarily 
used, viz. cooling by means of circulating water. In the ca,se. of .small 
engines, .sfi-eallod rmiliiui l»/ mijiarnlim is sometimes used." Tlie 
cylinder is then surrouiici«d by .stationary wafer, wlimh is alloweiLdo 
stand and boil. In coiisiupieAie of the well-known fact tliat. ('onsi(U”,if 
ably more lieat is required >l> tran.sfnrm watoi* info steam tlian'tO’ 
bring the temperature «f water to the bijiling-iioint, Wie aniouiit of 
water necessary can, by (his means, be. greatly rtidueed. somoj.inies 
down to as littlo. as 2-5 lbs. water per 11.Ib ])ei' hour. 

Tlie pnrit.y of the cooling vvai.or is a inatter^of great ijnportance, 
as tmid, etc., e.asily depo*il on the walls, and so impede the carrying 
off of the.heat,, ti* such ca.scs wffere dirty wattr must lie, us(id-;-Ior 
example, for boats on canals---there oiiajlit t.o be large, easily; accessible 
openings provided in the cyliiideij and coviu', so*that cleaning can be 
easily carried oui_every no\v*and then. The amount ol deposit 
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increases with tli^ inciiease of the temperatiUi^e of the cooling water, 
but when (’Ipaii water Is used noijiiiy; need he feared as long as the 
temjiei'aiure of thy outlet water isrept helojv 115“ F. 

It should also be mentioned thii > in the case of autoinohilo ^motors, 
cooling bv ineaiui of air can also take jilace. Wy shall relurn tb this 
later on (see j). 24!)). 

"Utilisation of the Heat o^.tiie Uooilng Water.— Instead of arranging 
special cooling apparatus lor the water, like those ju.st u'enlioned, 
the plan very nattirally Jiresents it.self to lead the water through a 
battery of radiators, in which case the. water oan If,' utili.sed with 
advantage. If the radiators are placed at, t.he floor near an air¬ 
opening, anfi'are built around, so that i!> radiation of heat inwards 
^towards the room can be prevented, a simple and cheap ventilation 
can be obl.ained in the summer-time. During the winter, again, the 
air in the room is warmed by the radiators, and heating is thus ob¬ 
tained gratis. 

, ,ln tmiptoying Ihe cooling watei'io]' Inniting or I'lnitilation pnr])oses, 
open e.xpanston liinlis must., of course, bt* afra.'ng(‘d. 


Piping, Silencers, etc. 

The rclialiility of a jiower installalion is secured not only by tlie 
adoption of firsf-elass engimss. but by a detailed pfa,n lieing drawn up 
respecting the necessary transport of fuel, the best arrangeinent of 
the pijiing, etc. 

Iniei-Piping. —On account of tlie nv'iproeating motion df llie piston, 
t.he gas and air pass very irregularly to and Irom the engine. When, 
for example, tin. piston of a‘4-stroke engine liygins its siiebon stroke, 
the speed of tlie yisf on is nil ; at the middle of t he stroke It lias reached , 
its maximum, and, after anolh r t|uarter of .a revolution', it has again 
fallen to iiih During tliis stroke, therefore, the gas-masses have tiieir 
rmoveineiit, rapidly accelerated, and aft.erwanis eipially rapidly re¬ 
tarded. Buring ihe three following strokes, on llie other hand, no 
gas at. all .streams into the cylinder. It i/yle.ar that variations of 
^ire.ssure. willi eonse<|uent. oscillations of the gas, must thereby en.sue. 
An iildispijiisable eoiiclitioii for the good running of tlie'engine is, 
JUjwever, that llie gas sMl, as far (.s pnssibla, follow the movements of 
t3ie''])i.s1on. As'a matt(Y' of fact, all itii.xiiig valves are constructed 
rTr'accordanco wit.li t^is assiiniption. W then, the air and gas come 
into violent osVillalion, the,proportion,s in tlw charge will be altered 
during the sucf ion.strokes that follow each other, damaging not. only 
the economy of the engine but also its powers of regulation and its 
reliability. , These oscillatioms are especially unfavourable ..when 
several eng'ino.s are eAiinected to the same piping. For this reason, 
an effective dam])ing^is tried to be‘obtained by mvflns of air..' and gas- 
tanks arranged as close as possible to the, engine. Further damping 
may bo obtained by ipeans of throttling in the valve openings at the 
itjtgkes of the engine. 
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Tho piping, which ^should be as short, fin(f wil^i as few bend.s as 
possible, can be suitably diinensioinsl to a Jas-speed of (iO-.SO feet 
per second, counted withireferelc.i'', to tho nie-aii sp»od of the pi.stoi). 

Wiyi I’Oapect to tlie aii'-inta.k(4 it, should be. boiuie in mind that 
this.Jike the air-])i[^iie, ouglit In be so fiiTanged that'the air sucked in 
can be. kept a.s cold as po.ssible^ The. colder the air, the greater tho 
weight of it that, can find place in t^e^ylinder, fiont which a grealor 
power cay be obtained than if the air ciit.cu'cd wai^n. Tlie air-pi^)ing 
slioiild, Iherclort'. be kept, well apart from the hot o.\hau,st-pipe, 
while, on the »)tlieF ha.ii(l, t he gas- and the air-piping can very well 
be arraneerl in l.he rSiine ca.iial. thii'O should also be t.aken that the 
air-inlet i.s so arranged tliaf tlie air can lie olitained a.s'iTry and pure 
a.s possilde. Wliini fixing liie piping, it is import.anl. to remove a^ 
sand, etc., from tlie various parts of the jiipes liefore tliey are put 
together, inyotherwi.se dirt can get into tlie engine wlien it is started, 
and can tliwc give ritie to niauv unplea,sant inlcrru^itions in tlie working. 

An account, lias already liceTi given of the apparains for .the 
removai of inoislure ffoin file gas-jiijiing, and the ventilation of the 
sanKg es]M-eially as regards suetioi^gas plants (see I’art L,» Cliajiter 
ill. (c). 

Exhaust-Piping. -Tlio area of tlii.s pijiiug ouglit to lie at least 
per cent., greater than the free area of tiie exhaust-valve, all in 
proportion to the length of the jiiping. In the ca^io of two-.stroke 
engines, especially, a free and unhindered imt.lof. foi- the gases is of 
the greatest importance. 

’j hat pitrt of tho. (‘xhausi-fiiiiing which is in tlic engine-room is 
usuallv water-c.oolcd in order to pi'cvcnt unp1casa.nt. radiation of 
111 .it, ln»m.any caset^ such as when liipiid fuel i» employed, the 
<-oi>!ing can'lake jilaee in a very siinjile manner l)j» the injection of 
iv*t.cr into lUe piping, "In the ea-Si- o4 suction-gas plants, where the 
waste gases often contain sulphur dioxide, this method cannot be 
omploved, as the pi])ing would then be enrrodod. it sliould, however,* 
he observed tli.il the whole amount of the cooling waiter must not— 
as in the ease of a ii'ni^cr of marine eimim'S—-be injected into the 
piping, irrespective ol t.he vetimtion, uiuler all circumstances, of )]* 
free outlet, for the gases. For it has liajipened that Uie efjplins* water 
of such engine,s has forin»d a kindtaf dam in^"ho piping, whereliy^he^ 
powe.r has been reduerd, and*nni,se and kno«ks liavelieen occasioned. 

In the case of statinnai.\’^plants, the pipin%is made of cast-iiMi. 
Wrouglit-iron is ahso used, inil it rusts (liiickor. Kvoll zinc roofs are 
soon attacked if the, piping has its outlet above it* Careful isfdation 
is, of course, rinpured, iu ordm* to previnit tire, when the piping is 
lead Jlirough the roof and walls. 

In the event of any* iinplea.sanlness from the radiation of heat 
from thet piping, .“i^lid its not beiifg desii'ahle t(f use water-copliiig, a 
poweid'ul circulation of air can be u»m 1 instead. For (ids purpose 
the piping is surrounded with a Rasing through^which the air is sucked 
by means of a fain 
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A pro]iosal liii' bp^oi made, iu tlie case of lariie plarit.s, to make 
tlie ])ipiiis of rpioforcpd c.oncrptp, flip pipio" tltPii heiii" made in 
leiiRtlia, rikI tlip.ijoinfs filled ivif^'. [■ement*' Tlte cnnlinp sliould be 
pflocted by iiijc'etion of water, 'lowever iittraefive fills plj'ii may 
appear, if, i.s pi'hlmbly doubtful wlietlier eoiiedHe would prOi'U' to 
Lave sullieienl power of re.aisf.aiiee iijf.'iin.st f.he ex-bnust yiises and the 
ae’ds formed with wator-iiijltfJiofi. 

5^he Utilisation^of the Heat of the Waste Gases. .Vs aUout 2.5--4() 
per pent, of the disposable aiiiniiiif, of lieaf in tlu' liiel e.seape.s wiili 
the exhaust eases, if is quite natural that atfeiiip'ls slitiiild have been 
m,ade f,o make use of the laffer, as is done wifi! the t‘xh.a,us( eases of 
steain-piurine.s. For this ptnqiosp the yi'isi's are eoiiduefed through 
Lillies lyiny uniUu’ w'afer. or around boih'rs from whieh the .steam 
■|)rndiieed, or the heated ypiter obtained, is pa,s.sed through railiat.ors. 
Tn t.his way it has bi'en found possible to utilise aboiif ." ID per cent, 
of the hpaline value'.if the fuel; or, in other word's, up to foOO.lt.T.l]. 
per'dl.P. ])IT' hour can be repaiiu'd. This iiietliod e.aii, thus, be worth 
adopting when healin'; is not required early in ihe moriiinp, but first 
after ,thr eiuiine h.as been ,ai woyk some lime. Ibit wlieii a foreieii 
firni aiinnunees in its ea.t,alnyues that, in addition to tin' 21 oiw cent, of 
the enei'ey of the pas that is iitili.sed as enpine-jiowu'r, its eiipines 
permit of a fiirt.her utilisation of as mueh as 10 pel- eenl.— and that, 
too, without an'y expense—so that Ihi- tot.al efhrieii<-v of the enpiiie 
amounts to 04 pereeni., we must suppo.se this to be a more than 
usually,,obseure express’on. ' 

HonU’t.imes tht' p.ases are led di.ee.t throuph the radnitors—a 
method whieh should, however, onlv be employed in such ea.ses where 
no preai. deinnitls are made''on the quality of the air. 'd)usl iliat 
pathers on the radiators will iqpiareiitly spread an unpleasant smell. 

Accessories of the Piping.—^-Tn ‘order to ttiminish the'noise caus'i'd 
by tlie suekine-in of the air, as well as by the exhaust, pasos, larpe 
G'e.servoir.s are (unploved, whieh brinp .ahout au ('qiialisation^of the 
pressure. 

A silencer for the air-piping is used, not, (uv’y to dimini,sh the noise, 
iiut also thal, the air may come to rest before lieing siiekod in, thereby 
allowifig ni the,separation of impurities. If, niigiit to be'arriiiiged 
_clagi' to the eiigipe, .aiidYo he at Idiist, three Vimes as big as the ))i.stOTi 
iyspi.acemont—the larger'tho bettor. Ft, is aib antageous to compel 
the* gas to aUoratiorr of direction iiisft'i" the reservoir, luiti in the 
piping this sh&uld be avoided ; otherwi.se great. resi.stanne is occa- 
.sioiieti. , 

The engine-bed is often de,signed to .servo ii„s a re.servoir (see fig. 80); 
but, in .such a ca,se, ^he foundation must well covered, so that it 
will not. be damaged by any explo.sions t.liat may take place in the 
piping., iSuch explo-sions can ea.sity ari.se when 8he engine is first 
started. aniFtlien sand and briek- dust may get into tlie cylinder along 
with the air. A sufficiently noisefiss air-intake can often be got 
merely by providing the extreme end ^if the air-pip,ing w'ith a number 
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of fine slits. Tlio reservoirs are made of wroiiolityiron, or are east. 
In the e.ase of jar'll* plants lar^e umh'v^roilnd eulverts are e.on- 
struetod. whieh are [)u1. iwti) coi|ie"tion witli the 

Silencer (or Muffler) for the E#haust-Piping.— Tln‘ greatest diffi- 
cultyja,s regards no^e is. without, eoniradietion, tluft eau.se,d by the 
e.KhauKl gas(‘s. It is woi'st- in Ijie ca.si' ol iwo-s(roke engines, as in 
sueii (Uigines the gsises bt'gin t.heir nddenlv a.mt eomplote it.•in 
a verv sl^irt l.inte. Uni., evini wit.h fiuir-struke engiiK's, tlu- i^oise 
from ! h(‘ (‘xhansl-pijMng is veiy unpleasant, unie.ss special arrange¬ 
ments ai'e mad^ 

Whenjlu' ('xhau!?t-valvo is o])(MH‘d, the gases rusli out of the 
evlinder under a- pressure ^>1 several at.mosplu'rt’s, ar.fi* so for the 
first few moments tlie valve is kept open, the veloeily of the gase^ 
amouni.s almost, to a thousand feet a second. It is ehair |.ha.t this 
must occasion mueli noise. The leading pianeiple, of the silencer 
must hi' to«j)Todn<‘<‘*as vrpiahle a striaim ol ga,s gs p<rssil)](‘, with the 
least possible tlirotlling of the gas. From this point of.view it ii 
clear that a. multi-evlifuler engine is lK'tt(“r nlf, as n'gards silencing, 
than a one-e.\’]ind('r one. In to obtain this result, 4h(' first 

thing to be done is to reduce the pressuie of the gas inside the )>i}ftng 
until it IS as nea.i'l\ as jxissib]*' that cl lh(‘ ojam an. beiore being 
allow^'d to rush out. Jly this imams \\(' also manage to cool the gas 
by expansion, (hin* should also be taken that the s^lxx'd of th(‘ gas 
at th(‘ outF'l shonhl he little, and us constant as possible. * 

A plan whn-h was c^ic(' niue}»in u.si* ennsist.ed in throttling t.he 
outlet. It Vill easilv lie ])er«'ived that, in this way tlif ^'tTsliing 
out of tile gas can be delayevl and (‘xtmuled over a longei pmiod,' 
bur flien *iie power ;)f the engint' is^ n'dueisi ve»v considerably 
too. This metliod cannot be r(‘eoniineiide<!. tInu’efitite, and it should 
011*110 aeeoiinf lie pi'rmit^'d in the ^-ai* ol two-stroke engines, a-s the 
scavenging is th(‘i'eliy hindered. In siudi two-stroke engines where 
sca.ven;^ng is carried out l>v means tlie ucav (diavge, pv<‘-ignii.ions 
caji easily take place ^m). It is of advant-age tor t.h(' .silencing to 
divide the esea.ping gas%!mo a nnmlier of *nialh’r streams — wi)i('-}i can 
easily be done bv jmivuding the ('xtrenie eiul of the exhaust.-])ipe 
with a nufiiber of Intig narrow ojienings in the longitudiin^I diif^'ct.ion 
of the }upe. Then, as t^ie gas ji|fprnaehes ^he oiiljet. a gradually 
increasing ex])a.nsion. land a*diniinu1ion oUtlie speed, i.s obtaine(k 
But still, without cojineetiiijiiAi large I'cservoiv t^ tlu' piping, it is iin- 
jiossible to get anv sil^'ming u’orth spe^iking of. It* is soiiudiines 
necessary to redut'o tlu*. volume ot the is'servoii' -tht fjo-ealled sihuicei 
—to three times the. piston disphieement.; wjiile in otlu'r eases it isniade 
as nnydi as l.wenty times the same vtduim* for tjie larger tlie silencer 
is, tlie better is theJ'esiilf. The sikuua'V sliouid'he jdaced as near to 
the engim^ a.,s })cvsjb]e, partly because the rf%istanee during^ the 
exhau.stmtroke becomes less, and aisoJiecause the silencing obtaried 
is better. 

Fig. (50 shows a silencer wSieh is divided into Uvo chambers to 
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which the gas ia allkwed to stream out through conical nozzles. 
Ample means arc pro\'<(]e,d for draining. 

f^omctimc.s thg silencer is madceentirelf; in oni' piece, so that it 
is scarcely [)ossible to think of taking it to pieces again. As, l^owover, 
lubricating oil »nd other impurities accoiii])any('the ga.s, cleai]ing is 
always nece.ssary now and then, so^tliat such a construction cannot 
b(? approved of.' ' 

.With 111 ,o'iiu'engines, os)'eciaIly, it. is .sonn'tinii's flie.custom to 
inject water into \he silencer, or into the jiiping, thereby cooling the 
piping, and at. the same time, a liett.er silencing in (ihtoinod. In such 
ease,s, however, tlie silencer ought to lie provid’d! with .nutomatically 
.acting draiR-«;)ij)c. ' A .simple waiy is to have t.wo jiijics leading from 
^the silencer, one for carrying off the water and one for carrying off 
the gas. 

The ])lan is sometimes u.scd, with marine engines, (,>f letting the 
gas escaj)!' under wj.ter. Ily this means good .silencing *'s obtained, 

and f.lie smell of the gas 
' its also avoided ; but' tlie 
jiower of the engine is 
diminished on account of 
till' re.si.sf.ance, especially 
witli twiesli'okc iiK'jtors. 
Somcwliat. unpleasant 
vibrations may ari.se, 
liowever, in the case of 
boats of n.1.n'ow beam, 
when the engine-jiower 
, is large in j)i«)|)oi't.i(m to 

, l‘’im till. tile size of the hull. If, 

(A.-H. .\rm.ltilrful.nk,.n ... i „I|„,.ks«oc,.asioned'hy 

, the gas are coincident 

, with the vibrations of the vessel it.self, the unpliaisanlncss will, of 
course, be. accentuated. 

For .silencing purjioscs jn the case of lar-g^*plants, a brick or con¬ 
crete shaft is u.sod, which i,s .sometimes filled wit h a heap of stone, 
block#. The plan is also employed of letting tlie gas shrenm into 
large‘vi'rtu'.ul cjilinder^whieh op«ii at theihotloru into water. The 
■■ 'ga5f then porindft.'ally drive,s away a part of tho/water, and tins results 
in-the gas leaving tl^- eylimli'rs at a jutl’ty nearly constant sjieed. 

ftccessorie! for Cluminating-Clas Plants. 

The Gas-pressure Regulator has for its object to keeji the pr.es.sure 
in the piping nearesf the engine, constant, Tso th^rt the alterations in 
pressure in the st.reeh main.s shall nbt a.et a.s a. liimJ^'aiic.o on tiic engine, 
nor Ihe engine ,4ct on tlie. jirejfsure in the mains. For this jiurpose 
reservoirs' are used, usually of rubber, which are connected to the 
gas-piping clo.se.to the engine. 
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If the pressure is subject to great alterations!, it nfay be, advantage¬ 
ous to make use of a gas-r(‘gulator, and, in addition,^a rubber reservoir 
between this and the engine. I Tlu'- gas-regulatof just mentioned 
consists cliiellv of a float lowerecf ijjto water, and wbieb, liy the action 
of tb# {Jis-pres.siire.Vnore or less thi ol ties the inlet-jiipo by means of 
a vafve. Such an apparatus can thus lower the pressure, if thi.s 
.sliould bapiien to be too great f bui, rn, the other ^land, it, camtot 
increase a low pressure, and if, tlierefore, t.be ])re,ss'!);e„inJ-lie nuiius 
is itself very low, such an apparatus will soinetiines rio more harm 
than good. B*’ nuire or le.ss loading the float the regulating valve 
can be adjusted t,o »lifl'event jire.ssnre.s. 

Great care should be l,i*ken not to o])en lfie*hold(v? unlesji the 
valves on eaeh side of it are closed, or else the ]K)isoiiou,s, explosive, 
illuniinating gas will stream out. 

The float is sometimes rejilaeed by a difipliragm, against the one, 
.side of vvhiij* t,he aUnnsphorieal jire.ssnre is allowed to act freely, and 
past the other .side of wliich the g*s ])as.ses. 

The Gas-Meter shonid’he located in a plae(> protected from frost, 
preferalily in the same room as the engine. It, is of advapjage for 
the owner of the engine if tlie ga,s if suiiplied to the meter as cdhVa.s 
pos.sihle. for the colder the gas is, the grealei i,s its weight ami, eon- 
seqn^itlv, its lu'atitig value pi'r volume-unit,. 


Lubrication. 

Without.ieflieimit, lubrication The best migine woi'ks and 

will soon be worn out. Tims, Tiesides iiroviding for good Inbric.atingi 
arrangements, it, is also of ecjually greiW inqiortanci^ for t,lif' engine 
to lie^really w<'ll atttuWed to in this re.spect. in onler to diminish 
a.sjnnch a,s possible the weed of sucli attention, automatic lubrication 
is to be liigdily recommended. , 

The chief aim of all hihricatioii is to prevent an immediate metallic 
e.ontac^of the parts that gliile upon each other. By introducing a 
layer of oil between ihe friction is diminisheil and the heat 

i.s also carried off better. For the luhricat.ion of the hearings the 
same i‘ul ('4 hold good, on the wliole, a,s in the case of otlu'i (‘i^gine.s. 
On the other liand, tho^'c are so^ie ,spocia!| points* as ifgards the 
lubrication of the cylmder, iw its working-sjirface staid,s allerna«-!y 
in communication wifti the iristoii and then with tlie hot ga.ses iJf 
comhn.stion, the temireratiire of whicli ri.ses to flOO" F, nncl more. 

It has been as.sertecf that the cylindei‘oil must necessarijy have a 
high flashing-iioint (see p. (iO). It i,s, how*>ver, impo.s.sible, to <*htain 
a lubricating oil whi#h doe.s not vairorise st the high temperatures to 
which* the walls nfitlie •ylinder are exjiosed. • The fact:, therefore, 
that the oil vapoi-iJs at Kltf-lSOi F. higher orinver temperature is, 
in itself, a mattei'lf little importancj; the factor's whicj,i detertnine 
the greater or lesser snitahility of a lubricating oil are altogether 
different. 
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If we comparJl t-wolluliricating oils, with flashing-points of 300“ and 
650“ F. respectivAy, it is evident that a lesser amount of the. oil with 
the higher flashiii^'-pojjit is 001 ) 801111111 ; hul* on the. other luind, this 
part will hum worse, fn other ^-oi Is, more solid jirodiiets of coin- 
iiuation are forive.d by it. The 600° F. oil is imire viscous, nn^ part 
of ill is coked at the same temperature at which the lighter oil is 
eilmpletely vaporised or jA».ri»'d, * In contrast, with the steani- 
eng;iiie, where tl'iC st.eam VNliieh condenses on the walls of the cylinder 
acts as a lubricathr, the air and the gas which are sucked in are not 
pure, hut are full of dust. The.si' solid ])arliele,s ivhioii laike l.ogetlier 
with the [irodiicts of eomlmslion from flic lii'oricaiing oil act as a 
jnilisliing stfi*tanci*. and can givi' rise to i*iost unpleasant disturhanei's 
in the working. 

It. being thus impo.ssihle to e.scape from the combustion of the 
Inlincating oil, we are dilvtm to the eouclii.sion that it ip best to use 
such oils ;i.s can be pompletelv vaporised, 'rtiis.condilioj' is fiillilled 
jn jreneral ,by oils of low viseosit.v.* and with low tlashiiig-|ioint. I’lil 
it must be noticed, tirsi, that the value M*lhe oil us a lubrieal.or 
le.ssens j'iih ilslowmr vi.scosity and, secondly, that a greater (|Ua,ntitv 
of^iiris vajiori.sed, thereliv addin*g to the cost of the lubrication. In 
addition to this, one can hardlv s])eal; of any real combustion of the 
oil, as this has not. the oppoi'funitv of mixing siitlieimitiy wellrW'ith 
t.he air Insiesd of this, the oil aei-ompanies the exhaust, gases, 
va'porised but, for the greatest, pari, iinbiirned, and thus gives 
ri.se to smoke. .A middle way is Jims a.dopl.ed, and lubricating oils 
are u.^l with a flashing-poinl wdiidi, for larger engines,*luiiounis to 
1,50“-.510" F. ; but, in the ease of smaller ones, onlv to 300“-170“ F. 
Still, thicker oilfi are also nsfd with smaller engines when^tliese lia,v<‘ 
got- worn. , I 

But, in addition to this, liibrk'.ating oil,s'*nuisl ha,\'e»cerlain otter 
qualities, fi’liev must be free from a.cids. as otherwise tin' surfaces 
^are attacked, wdiile of,her (■onstitnents, such as sulphur, also occasion 

damage. It is thought that it. has also ... observed that, wTIen the 

oil eontaiiis corrosive conf^titiients, they aJ^^•k llie )ii,ston and the 
cylindi'i' more when ])Owerful cooling has betm used. If llie liibric.iit.itig 
oil wWeh drops from tlie cylinder is of n brown and dirt\» eolotir, it 
is a sign tlnit soTuetliiiiiJis amiss. » If, on tli^' other hand, the lubi’ica- 
'tio'ff is .good, and the. cooling is carried Biit as ij should be, the piston 
ifnd the cylinder retrain clean and slii^ng- under the supiio.sition, 
of course, tliat»the combustion of the engine js itself good. Nothing 
but. the sn-eal!ed yiinerii! oils should ever be u.st'd for tlie lubrication 
of t.lid cylinder, ft sliouhT, jieidiaps, be mentinned, that the chemical 
compo.sition of the oils is *no alisoliitely reliabl' giia.ratit-ee of^ their 
value as lulirieat-or.sf as an nnimport.ii.nt filtcration in the atomic 
grouping of the e,arb»ii and the hydrogen may oft^ii have a surprising 
influence o%the nat.ure of the »il. 

As regards the use of fjrapinte, most contradictory results 
have been obtainpd. Tn some quartersCht' very best results have been 
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observed, while elA’whevc its use is condenined.' It should, iiliove all, 
be clearly un<!crstood that firaiihite can iievei Entirely super,sedc 
lubricating oil. 'I'tte suiii^'cs of iie eylmder and pisjon always possess 
a nuinbpr of small tbollow.s, witlf '^liatevei' exactness the easting and 
grindfig may have ■eeii earned out. If giajiliite ho»introduced into 
the cylinder, it fills up all the hollows and contnlmtes to lonn perfectly 
smooth ntbbing stivlaces—loi ll*e,oiitf ".ibricate ki some puartfi'S 
it has been observed that gi’a.])hite, as a luhncant, jiuidui'es increased 
wear, while the e.\peii(iiee of others is i|uile the ojiposite. ^'his 
dill'ereiiee in omiiioM can probahl) be explained by the laet that bad 
grapihite has lieeii lu^ployed enntaiiiiiig particles ol earth and clay. 
In the event of grapliite be»ig used, care should be takvS to procure 
it piulectly pure. II this is not pos,slide, graphite lubrieation should 
not be employed, 

it has al,‘^ been asserted that graphite is'ol no use loi eonibustioli 
engines, as4l wouldistiek last to the eleetrie igm^ers, tlu-reby causing 
irregularities m the ignition. Th^ laet is that graphite Julnn atj_on 
has been usi d on a. laig(*s?ale in the air-cooled auliunobile motors u.sed 
Ill America., and wil li good results, including a eousiderably diniiiiished 
consumption ol lubricating oil. In the casi' of steam-engine plants, 
graphite is known to have reduced the eonsnmption oi lulincating oil 
to one-lhiid, and. in the case of marine engines, graphite alone is 
sometimes list'd in older to t'seapa' Irom tdl-dejiosits ni the condenser 
and boilers, it should be rt'inarketl, however, that with stt'aln- 
engines (nntl ^aturaied steam) I-I114 steam condeused on t he walls of 
the 0) liudeC'.tcts in sonit' dt'gre^ as a inbrieator. For tins rc'Ttrn'U all 
kinds of I'vlindei-lubrications havi' nowadays bet'ii done away will* 
in rhe greajer number of large steamers •where superheated steam is 
not timpiiovt'd. It should also be remembered that^grapliilt', unlike 
ml* dot's not *\'aj)()rist', affd tluit, wilit'ik onct' it has stut'k fast in the 
depireSiSKiUs 111 tlii' surfaces, it is not .so ea.sy to reinovt;. Ont' ad¬ 
vantage with graphite lubrication is. therefore, that it nt'ed not take 
jilace ctiulimiously. A mixlurt' of graphite and grease has jiroved 
useful a.s a lubricator fnC'gearing, etc. , 

For the bearings, conunon, good, acid-free oils can, of euiir.?e, be 
used. 

hr llie ease of a minh'cr of vellieiil, coiijiletely bovereh-itl tour- 
stroke. eiigiiit's, the ci'iwik-eas^is filled with nil .so mu?li that, the loVer 
jiart of the coinieetiiig rod (bps into the oil at^evei'y rovolufion. tli% 
oil being t.lieii splashod^iver tlii' walks of ^le eylmder ii»d t ilt' enclosed 
movable parts. By means of eiust-iron giooves [he oil i.'j led in a 
suitable manner to the ernnk-beariiigs. ’In steain-eiigines of this 
coiiat|Uction a inixl|re oi oil and water isfised ; butthi.ssjiouhl never 
be done with eomlwstioff engines, for in sneh a*otise the water nii.xes 
wdth sulphur anil jllier corroding' eonipoiiiuLs koin the gases which 
leak out. The atna thus formed attacks the rubbing suq^aces sTow'ly 
but surelv, and blackens the craiik-shaft. This method ol lubrieation 
is very simple and elfective, bit suffers from Ihe inconvenience that 
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the. ilibncatioii ot'ttH' piston-pin is somowhat mireliiblp. In addition, 
oil may ('asily fiet’up ttito the. cylinder if the engire has been running 
for a long while at no load, as then l|e, ineaA press*,re in the cylinder is 
considerably lower. Then, at full ^,)u' 1, the tenipej.'iUuu in the cylinder 
•suddenly rises, bo that the large'’amount of lul/ricating oil tlj-ro is 
burned, giving rise to .smoke and smell. This can be observed in 
mtitor-cars w)ii(*'j stand still a fnor.nen^ while the motor is kept, running. 
As soon as they shirt again they give off a cloud of sull'ocatjng smoke. 

In those cases wdiere tlie lubricating oil is su[)plied to the bearings 
under jiressure, tb(‘ oil-pipe may open on to the )»e.ssure .surface. 
In other case.s, on the other hand, the oil ought‘lo be led to that part 
wlien; tlie SiM'face-pre.ssure is least,. Tl* oil is then earned by the 
journal also to tbo.se jiarls of the bearing vidiicli aie nmler high pre.s- 
sure. If, on the other hand, the oil-jiipe opens at a. place where the 
jire.ssure is high, it might'liappen that the. oil will not lie pble to make 
its way out. Many^i case of overheating of the bearings is the result 
pf jieglectipg 1 his simple rule. ’ 

As regards the consumption Of lubricitiBg oil, no general rule 
can be ^gven, as it depimds on a number of unfore.seeii fa,et,ors, ari.s- 
ini* ib the first jilaee, from the eonstruetioii and the atteiidanee. As 
a guiife to estimating the eonsumption, the following figures may 
be given, obtained from easily running and eaiefully atteu(V'd-to 
engines ;— 

* Lanjc tjins-cnginrs (about 1000 11.1’.), on the four-stroke system, 
consume about O-l-T.! grammes oii 

Mrlflum-fiizril <jttn-rngmes, four-strpke system, consuiife about 2-3 
grammes oil. 

Medium-xizc^ Sicedish Di*^el imiUns'^ consume about 0>13 gramme 
cylinder-oil and pbout T7 grammes bearing-oil. , 

Small, hifih-sjicnl prtrol, and f,araffm miTwr.s re([iiir'i* as a rulof a 
much largei' amount of lubricating oil, 15-25 grammes and more, all 
,per B.II.P. per hour. 

When, in two-stroke engines with eompre.ssion in the crank- 
chamber, the compressed .<jeavenging air nt^^’s into the cylinder, it 
^carries the lubricating oil with it, a part of which is burned, while 
a parbgives lise to smoke. That part of tlie lubricating o»l which is 
burned aeTs as* 11101 , aid thus is*of use. ,But, on the other hand, 
it fliould be 1 'efnembere.il that lubricating oi^ is many times more 
Expensive than the p|,raHi!i wbicli is used as fuel. In publishing the 
results of fuel«consum])tion,testa it wmdtl, thej'cfore, be very desirable 
for an account to jie also given of the consumption of lubricating oil. 
Otbefwi.se, f lic ixcsults givfn of .such tests, especially with two-stroke 
engines with compression'in the crank-chambel , are only of, little 
value. With a two «?roke motor of this kind* wellbionstrueted and run 
on paraflin, the wrker has, in ofte ciuse, foundl a consumption of 
lubricating*Til of 23 grammes fer H.P. per hour.' At the then price 

• • 

’ Results of eight months’ running at tire NorrkOping^Electricity Works. 
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of oil, till! expense for Inbi'icatioii amounted to 3lT per cent, of the 
cost of fuel-oil. 

Foui^ations. 

lt«is'i)e.st, when |f).ssibl(‘, to siuk^die fouiidiition down to solid rock; 
but iT this cannot be done, it must In' |)r('pared lu aceordanco with 
the ordinary methods of hyv^iif! *fctundations. Bie foundaticfti, 
consisting of ;>ood lirick or concrete, is laid with j^ar"e suriiiee at 
the bottom, deereasinn towards the top. The depth sliould always 
be Inwei' than t 4 iat. yaehed by frost. In order to prevent, the propa¬ 
gation of vibrations Aid noise, the foundation should, it po,ssible, be 
isolated fri^ni other i'ouiidati(^i and hiiildinn-walls. • It is gten suitable 
to put eork. felt, or the like, in the inlennediale spa<'<' ; in other eases 
au aetaal air-space can lie an'anped. y\s regards the, form of the. 
foundation, ea.re slio\ild be paid fo place llnf centre of Gravity as low 
as possilde.^ In the^aise of two enp:ines eouneett^d by beltiiie, it can 
often be suit.able to ananpe them Ijoth on a common foundation, ^ 
in such a. ease, the fore»s%,risinp from the bellinn and aetiiig on each 
en^im^ are neutralised in the foundation itself. This can be 4011 c, for 
e.xample, when an enpiiie drives a, (fyiianio liy means of beltinef and 
wlien the latte.i- and the enpdne are, not at, too great a distance from 
each filler. 

In erecting engines oil the iloor of factory i)uildiiigs,*in examination 
must, of course, first be iinrde to .see if tlie beams are, likely fo wirti- 
stand the future vibrations and leading. A substructure, of planks, 
wdh iiolatiiif; material between^does good service as a rule, iTii* care, 
must. 111 any ease, be t.akeii that the foimdalion-bolts do iioraetually^ 
traiisimt tl;^', noise and yiiirations instead*. 

ftl. DIFFERENT SYSTEM? OF GOVERNING. 

. 

Only in very speeial ea.ses can use be found for an engine that ^ 
works pliably only with constant, or almost constant, load, or that ' 
runs with great variati«ns in speed. As a rule, just as gu'eat, demaiids 
in respect to jiower of governing arc mad* on combustion enginc.s as ^ 
on other [^'ime movers. Tlii' only difference is that' t,he dilfiij^ilf.ies 
in carrying out these re(|uiieim’nt,s|i,re, in the case ofctiie TornK’r, so 
much greater. 1 11 order indicate a few of the difiiwlties catisedfty 
the method of workiiiJ the following may be mentioned 

The working meililni of the gas-engine (lh#mixtm'e of gas and 
air) is siniiilied to tW engine from tiiif producer, working under 
diilerent coiiditioiis If gasification, at ahtHWiilierie ]ires.sure, .only 
. when small variatioif in ])ressm'C have great iiiHuenee on the weight- 
amouiTts of air and fas sucked in. Within the ♦-j^lves both the gas 
and the air liave tifpass through «peuing.s of vwious sizes, m which 
the speed's depenWnt, not only on the vacuum 111 the cj|lmde,r,-but 
a,Iso of the pressure in the inlet-pipings. In these latter, again, the 
resistances are not constant—i^* addition to ifte fact that different 
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heiirlits of ttie baVoineter and temperaturos-of tho a,ir, and, above all, 
the oscillations of Uie pjds within the pipings, inliueijCe the proportions 
of tile charges. Finally, when thelaas atjd theijair come into the 

• cvIin,.Br, Ihev are mixed 



cylin.^er, they are mixed 
witlJ the neiitra'I •jjases 
remaining then' ■ilt^r the 
jirevioiis ixhiiiist stroke. 
These pas.'s eaii vary 
lerv pveatly,* liotli in 
anioyni ,iiiid teinpe”n- 
tiinc. It IS, f hcrefon , 
not' iLstonislifiin rhat, 
after the eliaipe has been 
lyniled, ilie combustion 
shows vanations in char- 



actoi', in apf^einent -wilh 
the varyiim conditions, 
liveu it the loail has been 


1 he same. 

• Figs. 1)7 and 68 show some inSieatoi cards of gas-engines taken by 
the author. Fig. (57 consists of ,60 cards taken immediately in sucecs- 
■sioii Irom an older OUo illuminating-gas engine. The ignition takes 
place by means >>1 e.vterior flami', winch, -wilh I he help ol a valve, sliding 
to-and fro, at the beginning of the expansion stroke is put. into con¬ 
nection with the charge (p. I'il). The engine in (|uestion is .still ii.sed, 
and Ark.'es an eleetrn' gi.-uerator. 'The compri'ssion is .Vf lbs. If, is 
clearly seen with what great variations in the position of the piston 
the. ignition takes place ; this, however, may partly b" the result of 
the cards lieing taken at lialf load, and also ol'tlic comstruction of the 
engine being such that the eps ^ind the Mr are only*badly miljed* 
together bldore entering. 

Fig. 68 shows l(.Kt ea.rds taken iminediately a.fter each other 
on a modern 150-H.l’. gas-engine 
directly connected to an electric 
generator. The engine is run on 
produper-gas under constant load. 

The fact that, «ii .spite^ol .such aj, 
vel^' groat variation in Uie com- 
iffustion, a capacity of regulation 
has, however, iieeu nfaclie.d which 
reiidoi's pp.ssible. the eiiiplojfmeiit * 

of gafi-eiigines in electric powei- jilants, shows ln,jW perfect the regula¬ 
tion ol a modern gas-eiigiiitt is. i 

111 the ckse of thg /team-engine, the govei»iiiig Vlways take.s plhce by 
the work which the t^i'am delivers V) tlic j)ist,oii atVacli working stroke 
being alteri^l with the loail. In the case of conibuf tion engines, on the- 
othcr hand, there is used, in addition to this method, the one of omit¬ 
ting entire working pcliods. The clfi^f systems of governing are ; — 
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Governing by Retarding the Ignitic^i. 

Tht‘ CiO’il sliouiiVn Hi[.«.)'.» lilu'Jialt's this tiictitnii. winrh, miwiuiavs, 
is UM'il oiiK iin ciMYni! ivpr-- cii^inr-^ [uaiviflctl wnii (‘li'clnc 

ignil/ii In nowii.n uorLiinj iln* mnirioit i.dsi's jil.n-* n hitlr iiclore 
f Iin (h'ad <a’ii h f ; lull, in 'in- i iis(‘ <>1 load, il is ret a I'dcd I o 1 In* 

Ix'iiinninu nl t hr woikmL: stioki' % W is mtik I he ai< ! of tin* caid Is. 
It IS 11 th‘. I'^’t t .itiii\ M's> t h.ih t lir nni'nial (tin , inti t his An s ln>('n at t itf ncd 
l>y a less (dli'i t ivc ul dis.il inn (ti i hr (url im incliirt’d into I In* cviindrr. 
1}, tIn'i'i'iorn, ai^rnt^.iic witli sindt 
govcrnni'j^is fun at hall hi.id. i! 
will iisr .iboijt as mnrli ln*I as 
wit h lull Inad- ’I'ln* rnmnr hro'hv 
h('r(nn'-s vri\’ iiin'roiiuniiral. ha- 
snh's 1 hr l.n^ i lial its |•li^nln^ is 
nioir nnrvr*'. and i h»l, w il h a Inu 
minilirroi ir\nlut nn)’'. t hr riank- * I,-,, ,,,, 

shall ran, tindri rrrtai?) rirrinn- 

.stalirt's, hrromr hr.ixiri loaded. Jt i.s Inir tlnii tin* nni.xiiliiini 
prt* Mirr ni the r\liJidri is less, fnii, at irilain [xi.sitnnis of The 
piston the prrssiiirs ti!a\ Ur hitui'i' tiian the rtji irspoiidin;^ otn's 
at !n«'mal iniitnin.;. .\t lo oii' riaiik-anL’h' Ironi tin* iipprt dead 
rrnfrr, ! hr iwtslnin inoinrnt att.iiiis its niralrst valnf’- ;i !a.( I wlindi 
is -n itjijioitanrr in )iiduin,Li ihrsirrss tnrritam parts of ihrriains'- 
.'fiait.. Kof shorter L'oxrniiii” j^iods this s\’strni d(;rs vriy well, 
]K)W'‘Vt , Unf should not Ur nsrd^in ol Inn east's, {} \vi“ uo to j/ti^-inrs, 
wn* (lUlain a method ol Lio\(‘I’niiii: whirli consists in Irtlin^ the rn^iiH^ 
at h; !)l loa^s siick in il^ rhartj'- as iisiiah^nit to nilriitipl ilir imiition 
lor a shujtt'i Ol lon;^i‘i ])rriod. 

^IH-or-MisS Governing!' The rhi^f i%\n ol tins novrjnin;; is always 
to jrl tin* (‘nuinr work under ihr most iavouraUh' rojnl?fions, not 
only asj'r^.u'ds (in' (nnipxtsition oj the (diartir. Uiit also as rr^raids its 
conpnr.ssion and tir- moineiit lor tirnilioii .\s a matter ol fa<-t. this 
aim is fiiltiilrd onlv in a. modrrati’ <irgrre> ^vrn in the ease of modern 
drsigns. 

Thr gc^’ri'ninu roiisisls ni varying lln* Ircijiiency ol (li;; wti’king 
impulses to aerommodi^M’ (diangfs in the* load. The “misg*' 
stiokes are attained nedinei-fnl ways. As fitrnle, flif* goveriioi witly 
light loads shiiT:. o(l‘ lie admission of fuel to tf^^‘ eylinder, air being 
admitii'd as usnaf. lioJ^ev(*r, so that, duijng the succffding sti'okes, 
the ejigim* is kept ni/notion merely Uy the eiieigy.of the liy-wheel. 
Then, after an nniiiij/trtaMt reduetion in the .spia-d. the g(jv(‘riHj* wdl 
again j^Jiovv of fuel l/eing supplied to the ?-yiii)der. In Ueiti'r kinds 
of gas-engines w'e tgid thts nu'thod of goveriiin^i? very s(*ldom used 
nowadays,* 11 nle.ss Wftli small p(;w(‘Vs; wlidi*, onttin* o( her hand, jtms 
still ext(*nsively iisefl in eonneetitm VVlU. small oil-ciiaincs. ♦ One very 
great reason why this syHt(nu haj come so much into use is that Ihe 
governor-gear, as a whole, beSomes very simple and cheap. Tim 

n 




102 


lN”iKK.NAl. I'fiMIU’STIOX KMTlNKS CAS-TOOI>lTrKRS. 


fuel-oil is lilt I iKlur(‘(l info the cylinder hy means of|llie plunder of the 
oil-pump etimiyiipl wit^i a piek-hlado, which laftiji is actuated by a 
cam oi eccenfn<'. At li;:hL loa<ls 1 [i<|,uo\I'riior liaanothin^ (dse to do 
t iiati to pul! ( he said piek-bl.ide as|lilso t hat 1 he ■lun^ei’ is not act.i'd 
on. The power»o{ the eoveiuni can. a h(*refoje, bf exceedingly ft^nall, 
winch, in its Imn. permits o[ the enipioyimmt of the snnplest con* 
stfuclmn-’(sec l^s lit) and io1)« 

.'^s wc ha\e ,^d, with this ini'thod of ^ovinmni” fuel and air are 
aJwavs introdue<*d info theevlnidei in (Ju^ prupi'r ]>ropoj'taons ; hut, 
st.ill. I he ;;reai economy ol hielannedat is not. attiwieii# The oniission 
of tfie i;4mfif>n during one or stwei'a! snc(*<‘ysive*re\’olutions causes a 
coohik” of t li\evlni(Jer, t lieicto pri'l fy olti^^i occasiomipu loss dl fuel and 
^le dirUiu^ ol tile evlindcr b\’ aifm'-coinbn.stion, as well as irregu¬ 
larities in the imiition 

Jii Older to dimmish lh<‘se nic<in\miumces, a(tem[»ts havi* been 
madi' to [)re\cnt th^- drawmp-in of cold air iulo.thf’ cvfn^dcr dunng 
tiie ■■ mi^s^' >tiokcs. In the cascfif lour-s1rok(' menucs. this can bo 
doiH* bv kecpiiiL’ the cxliaust-valvt‘ ojicii. •mil the luhO-valve shut, 
durin^i ^hc suet ion st rokc. But then, tlu* exlian.st-val\es will soon 
iiewnne diriv. liow('\cr. It aiitTflnalie inli't-valves an* used, these 
must be kept pM'sseil ai>ainsl tlum .seals by means of sprin_:.s. An¬ 
other method is to lou'p the mb'! valve closed liunny the si^^’tion 
strokiy while, oil tin- othei hand, the movement of the (^\haus^-^alvc 
IS Vol at ill atii'ri'd. Ajiparenilv, this will eau.si' a hmli \'acuum in 
the cvlindet |u the ea-se ot tvo-^roke eiiunies the same lesull can 
be atftnu^d by closing tla* aii-intakc t^i the cvliiulcr. Tli#,s o'eylution 
¥an also lie carru'd out \ ci v simply, but is, iiowadavs. beiiie leplaccd 
by beltin’ systc\|is. All llic.-^’ t mistriii-tions unite in themselves most 
of the nu’onvenienci.’s o! the hil-oi-mi.ss eovci'inn^ proper, without^ 
posKes.sin.ii it'-: -ulvanlae'c. s^iijiiieity. pui po.sc.s* where er#at 

liemands made on speed reeahttion, sneh as, tor (example, in 
ninniiie d_\ nanus, (e.xlile machinery, etc., hit-or-miss rcifulated 
engines aie not verv suitable, as the tlv-wliee] weioht whi?^li then 
beeonu^M ne(‘(‘S,surv is very j'onsubn'abh'. 

Constant-Quantity Governing. In this sv-siinn ot ”overimi;i, oniy 
the ai^unml of /he/ (i-as or oil) is altered with ditloielit lo^ds. while, 

I on t!u*^)tliev hand, tin* compres- 
s!on» IS k(M>t constant {tig. 7tf). 
in tin* eiil' of gas-engines there 
IS. thus, lirawn in a varying 
amount ol gas; but, the total 
amount orVixand gas sacked in 
lemaimng e«istanl, the percent- 
i'll' Tt* age-pnt^)orti«i of air is incTeased 

^ • With lower lAd. At Uie end of 

tlu' !snetio% strok(‘ (ne same p^-essure always prewils in the cylinder, 
and the final compression-pressure cun, therefore, not undergo any 
alteratou. dust tin* fact that t 1!% eompresaion-prossure is not 
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dimiliisherl with lower loud, eonfer.s inipoi't.uiit iidvmitaee.s iii sevorul 
rGspitcIs, and is llielslrotiit side of ti!i.> nieihod^of iioveiniiie, 

For, il the eomiYessioi'i .sinksIhelow a eertaiii lieeiee, tlnni, durin}’ 
the hitter part ol l.w eoinpres.njii*,lroke, there aii.se \,illations in 
the difeelioii of pressiiiv in the |Jns and heaiines, Hhieh iiiav beeiiine 
danjjoi'oiis for the ennine. Kspi^'ially(in enemi.h ^nj, |,|„j| |„s|oy. 
speed and heavi leeiproi aline plr|«i. ||ie desianei ,|teii iieeils all 
that he eauyet in the way ol eonipiession. in oi'dei^o pieient i»,ieh 
iinpiiets. 11, then, the eonipiession should he di'iiinished with lielit 
load but at eon.sl'ant‘r^ieed. it uill .sonietlines be difheiilt or iin|Hi.ssible 
to prev(inl.,siie.h va.rialions in pie.ssiire. There is often a,.siii'plus of 
conipreSMoii, houever, and t l^-n this point ol vievi disappears. ‘ 

In eonlra.sl with 1 lie hif-or-niiss novel intie^ this, as widl as t.ln* 
fnllou inn systems ol yov erninn, makes it po.ssiHe to keep t he va rial ions 
of spei d with*n vein lestiieied limits, without the use ol iieavv lly- 
wheels. .■\i!*>iher adfania-ne IS that^lhe eonslrueldin is a vein simple 

one, as, very oli.eii, the ... only to ae.l on relalitely smitl! 

and iiyht members, In'the ease ol aas-eiiyiiies, eithei t.lie lill.'ol the 
gas-valve i.s alteied, the nas then I.^Kiin allowed t.o slream iift.ii.Ihe 
cylinder durine t.he whole of (.he siuiion stroke, or el.se it is l.he tiine' 
during whndi this valve is kept open that is altered. In the ease of 
oi]-en;9ines, the governor arts on the liiei-piimp in siieh a w.iy that, 
either the .stroke of tlie latter is altered (tig. 117), or dse its siietion- 
valve is kepi open during a longer or shorter part, of dm pressure 
stroke {fig. I I I). .\ part of the oilwhieh wa.s sucked in will thei^riiii 

liack .nga n. * 

In th ennal iTspeets a high compre.ssion is of t.he greatest import¬ 
ance lor the,eeononiy o^ the engine, and*i( is also aiH'antageoiis t.o 
<4fnp]<‘) weak ehaiges. Thus this method ol goveiniiTg is in perfect, 
accotd with tlfli.se demands, lint if sliould he eareliillv ob,served 
that this hoid.s good only under normal eonditions. In th?' ease of 
very ligh^ loads the gas beeomes too diluted for the combustion t.o 
take place with any great ilegree ol lapidity. Il is true (hat, this 
incoiiveiiienee i.s partly eoniilcrhalaiieed b* the hinh pri'.s.sure tliat 
prevails, and by mean.s ol which the ignitibiiity of the charge i.s favour¬ 
ably iiifltieifl'ed. But. tlu' dilution of the gas acts the jtrong»r, fjow- 
ever, and so, in reality, ihe consumption of* fuel |^er H.l'. risiw 
considerably, in sinte of the coflistiint eoinjiresfion. 

By varying the iiionfuit foi the introdiie,(ion the fuel m sm-h a. 
way that at the begiimiL of the suction sl,»oke only air is sucked m, 
ami afterwards gas an(/air together, endeavyurs hiiw been iftadiytii 
obtain a stronger cliar/' around the igniter.^ One, can then, at leimt, 
be sure that ignition rSally takes place; but'm the other parts of the 
cylinder, at a gfreativ di.sftince front the igiiitep the gas (.hereby 
becomes stiil more .diluted and cbmbu.stion reTnlered still more 
difficult. The varyitfg oscillation.s of tie gas- and air-in;*.ses also 
contribute to the creation of varvyng indicator yards, and an alter- 
combustiou is brought about_\vlnch sometimes extends throughout 
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Ili<‘ wliolr ol' 1 stiokr. What, iias iJen said above has 

resjM‘<l, b)! iiii‘ I'.tii. lo0I lirr (inditioiis prevailing 
il) the { ■t'ie nt uii-i'niDiies I I 

Constant-Qiiality Governing. »\l!i tins aovelnitig the pio|>()rtion 
ix'tueeti lli'‘uasiuid the an lemani/( niDlanl iindi'i all hiads. # Bui, 
OH the oilin' hind, the nilel [A iliiuljied dm mu the siietioi) stroke, 80 
that a M!ialln\Mioun! nl ua.^ fiti \l me entns with deeieasmg load. 
'I’ht*! on‘^<■■jllnle'(ij tins is tint liie compiession is 1 hen*diinimsliod 

(llu. 7 i). 

1 ti eont last w it h 1 h<' priced mu met iiods, f hiS|^^:veniiiig guarantees, 
irndt'!' all (•anht iniis. a moi'i’ lelMblc luiiitioii oi the gas^aml, as a 
mntl^r 'J laVt. t hh combnstHm i> M'aiK^iH'lt'M In addition to this, 
^heif IN aho a ui'f'al.'i <-apah)li!\ nl 1 (-unhit imi at light loads. Bui, 
nil aecnunt nl a siuallei*aiiiniini nt gas nit\tm'(‘ iMUitg sueked m at 
light loads, ihr pncrntagr nt ii'Miti'al gases rnnamtng ait.er ifn 
exhaiisl stmkf i' [^(le.ist'd Oii^this a( cnuni. ?nid als«)^)eea use the 



eoni^n'ssinti is dimimslHMl, tlie 
maa-sniiv amount of luel per 
11 .B. i’isos at den(‘a.smg loads. 

.\s a niattei o{ tact, how- 
e\ er, t hi- ronst ant -(plant It y and 
tin cnii.stant'tpiaiih- govi^/iimgs 
am prt'lly npud tioin a thermal 
and. m Dins! eases, finni a work¬ 
ing point of vmu, too. If a 
ehoiee IS to be niadiy it would 


ji(' the lat t n, e.\eepl pos''il^[\' m tie' cast' oi some \ ei'V lai'ge engines. 

1'h(‘ design with the eoie 1 ani-<plainy imeriimg li^a-omes very 
simple. Xw ordmaiN Imt lerth-\al vt' u^ihe intake hu the gai, 
mixlurt' IS ail that is napiiied (.si'c fig. TU}. 01 elsi* ^he mixtuf'e is 
throttled 'hhuc ui' Ifss tn 1 he nu\iiiL!'\ah'f w hicii is ciiiitioIK’d by 
till' 7S slmws bun the itiivoniov may i)('.jiiaili‘ to 

cliisi' till’ al\r ;it an t‘:iilii'i oi lati'r |)url ol t hr surtioii stroke, 

aerni'tliiiu to tin' load (sri^ also jt. IT I). 

^1 wlialeM'i' vav till' i;ovi'iiiiiii; is carried out, however, lliere 
aris.s, ifl lie|#t loads, diimii; ,'i loneei* or a shorter purl of the 
idietioii-stioke, a poveTlid \aeiium in thf eyiiniter whieli iiiereases 
till' piniiii-woik. TheSaKe-sin'ines must tlris he nindo so powerful 
that thi'v ijie ahlf to ki'eii the \,iKes |ireliM'd clown ajriiiii.st Iheir 
.seat.s even at lowest load.fwlien tiie pie-ssiiiMiiilten siiiks to (t-75 atm. 
vafitun’i. In lAree eiiaiiies. ilieielore, the Vuines are (liven outi- 
hideiable dimension.s, i nil the foiees iietini; (V llic' vaK(‘->;eiir re.acll 
eon.sideralile iunnivit.s. ^ f 

Combination-Giflverning Syste.ms.--.\s i.s .sc'et, the two last-named 
eovernin4' svslein.s oflei eericun advant.iecs, l^tt they have iiieon- 
veiiienee.s too, wliieh stand i'll the mo,si mtiiiiate coiineetioii with the 
amount of the eoinpressuin Jiiul the comiiositioii of the eharge. It 
is, theiefoie, q'uite natural that attempj.s have been made to combine 
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the tux) systenis. Mrcs' Lfovt'rniii^f is in> ('xain})l<' of^liis. Af: ii(fi‘nial 
load 11k‘ .■‘'icks in a ('(inipanitivcdy wnak but easily (■(mi- 

bustible mixture vUiieli is (mujucssed to limb^pi'essiire. At lu‘a\H‘st. 
load, on tin* otlim, liand* a. \('f| iudi cfiai^e is sindo-d in. which is 
C'(»in])^i‘sscd to a {u 'ssuic i('a(liim#oi a little ab(i\'e. that at noimal 
load^ Finally, at- liLdii load i in^'iiume sucks in a smalh'r amount ol' 
•<‘har^e oi similar oi aimo‘-: smiijai' eoinpositnm as ll^il with iioriuni 
load. Tins is alti’ru .ird> conijuelxeW more oi h'ss, but, in aaiv case, 
higher tlnuj \\hat il m an eiiLUiii' woikim: \Mlii (-idinaiy con.'*(an(- 
(|ualiiv eovei lime. ,\.s is seem tins lu'-thod ol uotkme \ m v much 
resembles tJial <if sleam-eneine. m so iar as the engine works 
mo.st ecoiiomicallv at. mu'mal loaii. uliiie t lu' econoirn’ <a 1 luel sinks 
both witli mcrcasme ainl dc^iea'^nm louil. 

Allot licr ( ombinal mn-eo\ernme s\'.sleni is (i. A'r^/iWo/d.s-of SihIc* 
telje, Sweden which is used in au!oniol)iie »iotois 'The ^as mixture 
comirm iiom^ihe carbuietter has hen- alwa\s the same com])osit.ii>n. 
The ehaie'*ts ihrotfled at baht load . but. m ori^u' to la- still able to 
work with constant con^piosion, the engine is pnwidcf! with*..a 
exrra automati<‘ inlet.-valvi* which, at beht load when limhcr vacuum 
ari.ses 111 the (wiimlei'. opens and a(i#iils pmc an' aloiu'. Bv^iiyablv 
arran;^inu valves and spaikine plue in le.^pcct, to eaeh other, a L'ood 
mixture ea.n m this manmu' be obtained ai'oimd the pine, in spite oj 
the ffonstant (••omprf'ssion. d'esls show n-lat.ively little inermise in 
the eonsiim])tion of fuel at. li”ht. hauls ; i\-7> per e(mt. at three-jpiai'^^'rs 
load, and -d per cent, at hall load. 

A eorri'et adiiisiment ol ihe Ifioment lor ienition is of ureal im- 
portaiK'c for*o!)ta!nitie ooitd ec(«iom\ of fuel, so that the iif^iition of 
l.h(‘ ens is ia'uuii at an (uubei erank-anule 1 lie weaker the chaise, oc. 
tlie sinalle* tlm load • Foi tins reason thi“ ”oV(‘rn6r is sometimes 
•arra'iLii.d so as aulomatn^dU' to bnnu about, this adj^ist meiit. 

*Ai' alteratHJii of f he moment lortenpiou also provides an excellent 
means for an aecurali* ad|usimeiit of lh(‘ speed (il the eneiflt', and use 
i.s .somefcimes made of t Ins fact in t he svncinomsnm of dvnanios driven 
by eys-en,uines. 


IV. DIFFERENT TYPES OF ENGINES. 

•Smaller Engines. 

• ^ Gasmotorenlabrik Deutz. 

Fi”. d7 on p. 1 lOj^liows a hoii/.oiitai eimine for inuminntin;^ nr 
produco!‘-}:as. In on^er to b(‘ able !o alter iju* snee <4 the e()ntpre.|jsion- 
spac(‘ in .some simpln waw a loose ])lat<' isjmt. in Ixhwi-en tlie piston- 
pin bi^trine and rhe^-onneciine rod. ^ 

Constant-qualuv ^ovtuninu Is used, and this takes place liy the 
simple process ol#^dtcimu 11n* hit ol llu* inl('(-\'alvc and t.hej'cby 
altering tlie port-ar<*as ol the shdc-va!^(‘ and the uas-val\'c. Should 
the pressure in the inlet-pijiing.s^or yas and aij- not remain constant, 
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tins ciiii 111 - aiijhslcil by hin!(l tiy means of valves at tlio intakes. 
Thi' reailei is iiiiyi veil ,lo the (lesiripl ion oil )i. I li. 

I'ie. 7'J shims a sriiioii through (lie ('vl^ii(ler-]|>ail of an eneine of 
a MiineMhal ilillinenl desnjn A lam aeriired/io I lie la v-slinft a 
aeliiale, a |iiis^i-)inl b |iin\iile(l \flllla roller. The lower I'liil,,of tile 
|ii|sii-ioi| o I oiii|ielleil h\ a sliorl lovin' c to move in an are.' The 
iip|ier eiiil nl (6e |nisli-roil. oii niivfcther liaiiil, sta.n(ls in eoiineetjon 
wil h 1 lie sieiii f\l I he inlet-salve In' means of a lioiizoiital link d, lu'i;- 
sliiified on ip ii|)|ier side. The lever h, heinj; under lor.trol of the 



eicivernor and feline ab n ,sii)>pnr1 for the If.ik d. will tlms he aide t.o 

inove alone the same, '(‘on.seiji.. ihe (ideriiin of the horizontal 

lever, and thus the kft of the valse. will he deheinlent on tlie position 
that the eos miior has foe the moment. Ityllie salve-eeai he so 
ailjij.sted that, when the ;alve le.sts aeainst it.silseat, a little clearance 
I'vist.s hetweeii the 'yovernpr-lever h and the liiilt d. then, on ehaiiiiin^ 
the position of flu'^ former h'ver h. ilieri; ssillf he no reaehion on 
the eoveriior propej On the other hand, it is impossible TO avoid 
.sueli a reyetion .irisine ererv time the valve is^»)pened ; ami, while 
the latter is in niolion, t he Vineriioi eaiinot act unle.ss it is made 
extra large and pownrful. If. tlurefore, there is a eliangp in the 
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load chiriiii; I,ho lioL'inniii^ of the suclion .slidkc, I lio mivortior sToooo 
will not 1)0 froo t^> move, until ilio crank ha,s pajsod ilir()n”li mo”. 
A fjroat advantaoi of tlio cnnsli'uotion in <[iicstion is, howovor, that 
the gov<’rnor i,s n'ldo quite ii'liqiomloni ol lh(' tar and othor im- 



Tho oxlinuat-valyr.) ia oporatod in tlio onlinary w.ay hy moiina oi 
a cam and a rackcr.< The valve, visilile to tlft loft ut the middle, 
admits compressed aiT on slartine. dflst i)ii[)nsH,o ia p[iic.ed the 
igniter. 

Haschineniabrik Augsboig-lHueniberg. 

Fig. 7,3 show.s a .section tliroiigli the vaivi’jchamber. The aim 
set in designing titj vulvo-goar of this engine vras that i^ .should be 
possible to use a weaker charge with*light load, and a stronger one 
with heavv load. This end attained iik a simple manner by 
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makni^! tin' air sTiili'-\al\c S 'keep llu- air-pnrls a liUlc opni, oven 
will'll (lir alpi' is,rliiM'il, Till' nii.vii|a-v»lvi'|W(irks—to hoiTOW 

ill! I’spiossioii liiiiii sira iii-i'iieiiic lorliiiics .\Mlti alli'nii for Ilia air, so 
Id s.iV Ollicniisi' llio rl■l:llkll loll itlo'S place li/tlic aovcnini' dis- 

placine. Ill .. Ilf the links Liftnl L^. ii Miller R lietwecii tl*' I wo 

levels A mill B wliirli slalul in eolifieel Kill B with I he \ aK e-stein, 
1111(1 A mill I lilt piisli-Miil Opel Jiteil/foiii the eiiiii-slia It, As iiiiiv he 
seen In I he illii^l i at mil a siiiafi iiisplaeenienl iil this riillei limies 
alioiiT .1 eieal rlianne m the lill of tiie inlet- anil the air-val\es, as 
the two Ie\ers lietweeii which It iitoves are piMit^'ii op lipjiiisile snies 
111 the saiil Hiller. 'I'he noveriiine ts thus esseif.iallv worked on flic 



^'m. 7 't. 

('onstant-(|iialitv principle,'ainuiiiiah with liiilit load the pi'rcenfage 
pt'oporlinn of eas in soinewliat ditiiinislied. With hea''y loads, on 
ilie oflierhiiniii the little lead |if the air-\al\'e loses all pi.iiMieal 
in^iortanee tm Ihe eoiit|aisition of the ('Jjarift' drawn in. 

Qasmotorpnfabrik Coeln-EhreuAld. 

h'.U. 71 show.s" the gofeniiiin employed liyVlijs firm. !t dilTors 
from the pieeedins; one ehietlv by the fact tliat.Vvith light load, only 
till' main tnlel to tlv eylindei and the ga.'-iinlet are throltled7 The 
air-snpply, on tlie iV.lier hand, is not acted on hv the eovyrnotj but- 
cniL'in.slea,'!. he adjusted liv hand liv means of a^'eulation valve in 
the air-pijiiijii. Thus, the ;j,ovt'!rousists of som«*tliin<i between 
a (’unstunt-fjuality juk? u eonstanl-qUpTitity one. 
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Crossley Bros.! Ltd, 

Tho idf'ii .il hy tin* cou';! i iid uui ii <ii iio, 75 has been 

to onfiaavoui io pi K-urt' a 'iovci'i^iinu w litcli will nuikc t hr Irnst possible 
deniaiHls on tin* l:‘V<'1iioi iUirinu 1 hr '•iirUon s(ioKr. Ihr valvi* a 
is o^^nrd in l hr usimt av. ,uul«i rin|rii\ otiis, by inrftns ol t hr spin 11 y; 
b to rjirt'y with il t !ir V Ai^- riitri s t lit ouiih ! hr pipe d. itnd 

{^Jis t hi o!l^!l f, in w liK 1 ) 1 hri r air^ih^'rd v,ii\ rs w hirli ran br adjuSTrtl ^ 
by hiind. Thr ino\<nn(‘nt o| I hr \,d\r c h' ilrt ri nibn'd. Itowryi^r. by 
two larlors— yi/,.. b\’ I hr |,ii<'r 11 oin i In' spiinn b w hirli 11 irs to carry 
1 hr \';d\'r do\s^iwiwds. and id->o !(\ 1 hr x.irninit whtrh arts on thr 



upper sid4' of thr piston g. and tends to krc]) ikr valve in it.'^place. 
The aniount of thr N'acniim is rrofilaKnl bv tin* htlk- pilol-vrtlvr h, 
controllrd bv thr ro\'rrnor* and thr frirtiyna! irsi^tltfnrr of which 
can l)(‘ inadr \’rrv syndl. 'I'lir nilrl-valvr a is riosrd hy liir spring 1,^ 
and thr air whirl) has ronir in ahovr thr pistoff g is tkrn blown out 
tlirourh thr rrlrasr valt'r m. As ma\ br ■'trrn, tlir govri-ninr^s worki'd 
on thr constant-{pyint ity piinripir, With vv*'ll-rlran(*d gas t his grwt-ru- 
ing prin(*iplr-will evidrntlv allow ol an r\>ra rlosr sprrd-rrgidatioii. 

Fig. Tdsliows a srrti^ii of a ‘ifO-H j’. mgin** f)iovi<lrd with this 
governing. Thr oxhanst-vaivr ir« watrr-<-ooolr'i. .And. finally, fi^. 
77 is an rxtrrior ’^■w of thr same mi^inr, which shows igrrv rltarl'’’ 
thr governor <-onTH'rtions. Double magiirto appaialtis ainl ignitri's 
are arranged in this engine. 
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Nydqvist & Holm. 

7^ sitow.'^ a tliroLi^h tin* Tiio aiul tlie 

air ent(‘r iJnoHLih Ijio pipe slmwit to the left, which is provided with 
two concent nc caindA Hot h 1 Le ;^r- and f iic aas-inlc^ can lie throttled 
i)y«v*alves ad]ustahlt'^v hand.* At tlu* hottnni is seen the ('xhanst' 
vai\'e, winch, in the \uii! wa^liy mieait'. of a rocker, is acliuited 


le pipe .shown t< 
A Hot h I he i^r 
ei|hv hanil.l .\l 
■ i\ual wamliv 




Kii. 7K 

from a cam rieidly Sttached to the cam-shaft ff. Tlic.inlet-valve is, 
a.s ustial, eiiiiled in a, valve-fiiec iiiscrtci^ in the cvlinder, tlie valve 
beiiip' pressed u]ivviird,s iiy the sprina F. itiinne fli<> suction sWoke, 
the valve is opcneTl by the, lever A. winch, by means (,il the rod B, is 
moved backvvard.s and forwards by a cam on the,cam-shaft. .Around 
the .stein of the inlet-valve there is disphiceablv grraneed a combined 
air slide-valve aini,eas-valve C, the so-called rei;ulating^’alve.’ On 
the cam-shaft there is keyed—on an ef-cenlnc E, the ring of which is 
connected with the governor b^ means of a projecting arm and pin 
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G. (In lilt' npposil.' si<i*> th<‘ ^nnir riD^i is provided witfi a .shoulder 

H. It IS diymu tin* woikfiiu the ee<'eiilric rine will be 

^nvcn iiti oseilhiiiii-j niDvenient. wlierciiv. dunnu the suction stroke, 
the .'hoiiidi'i H pie-^sr.^ the le\ei K jiwjtv froip i he earn-shufl. To 
till*' lever !s n-jiiilv atl.i(h<'d .inolileiJIcvrM L, {.Inch thus will j^nove 
df)U nu liids .i! the >:iine lihic. |1\ ^enns nl /tie tod M this acff on 
I h(* ro( kei N. u hich i hu,''. diit'm\i t li/i'.nct ion "^t rokt'. litts 1 he ri'^iilaf- 

* iitLi v;dve iipu.iid' Thi< hitler.*h(f\\c\e!’. ;is is seen, ri'sls ajjnmst. a 
d:i'‘'.hpo! P. which is aeti'd on hv a '‘pnn'j, and whndi is jh'H»l)\ .siintil- 
taneoiivK (MiiH'd iipuahls. Then, w lien the levrj- JCis released by 
tile .shuiiidei H. the if-milaliicj vai\'(‘ is eaineiUipiiek'iv downwards 
l>y tlie spiin%-loaded dashpot, which, near it.s nid position, i^; arrested 
by t.lie ,i4i»:n<lei 1 he sa me In this niaiinTr the val\ e is L;eni lv elo.sed. 
'^rtie an Iniiler i-.in lit- ad}ii'<l(Ml bv nu-ans ol’t he ndi'aM* cock S. Thus, 
as t he (M'ccnt Me I ini’, w it h The shouidei- H. is controlled !)^■ i h(‘ covi'rnor, 
it IS elcai lhat'a dispLiccinent ol llie pin G \\iil l)nnu ab.ftil an <‘arlier 
ora lalet closncj *<1*1 he n'-ju!al im* \ alve Wiih'li.Liht lo;fll tlie oa^- 
and air-siipplv l^^ shut oil he lore the < lose oii i ^<‘ sm t mn st roke ; but, 
duritpa tjie limc tin- \al\i' is kept op.-n. an and uas an' sueke<l in in 
preit f neari\ constiil pi opoi I loiiTfiidcpcndmit of t iu' ioaii ('oust ant- 

({iiuhtN' noN'crmiiu is ihn- cniphued 


Gebruder KoertiiiK. 

FiU 7d shows iliauiannn.ii icalK a Virtii'al section, and iii:. SO a 
lonniU'dnial section oi a F.^win uas-<'nuinc .Air is supplied 

t Ih‘ (ui^inc t In o\mh I In- laree pipe a .•how n ni ti”. 7‘h and uas t hrou,u'h 
the smaller one b. whicli is 'iituated inside the jornnu pipe. The air- 
and itas-suppiv is icuulaled by an antoniatie '♦alve v provrhal with a 
dashpot c. .Mi*'r havnm pas..^-d^thc op('nin*:s of the .-^lid valve, the' 
air and the Ltas meet and pa^'-« toveth<u ihrmn;}! a IniUetflv valv?‘ d 
utider eontroi ol tfu' LioNeinor, ami uo Itom tinu'e through (be inlet- 
valve eaue. which is pierced bv a htrue nuinbrn of small iioW's, and, 
finally, past the iniet-valve into the evlindei. The motion of the iidet- 
and the e\haus|-\alves ts fren\e<l in the otdimirv ^^av from the cam¬ 
shaft.^ The ('.\hansir\alve is watei-cooied (}i_c. So). Tlie water is led 
ill thi*oitj?fi tin# hollow va!ve-s(e%). tills the hollow val\('-T mmIv, and, 
ftiMly. passo:?oH( tiiro!!”h a (ube airann^'d iTi tiie centre of the valve- 
sl(‘m. As the uppt'r end k)f this tube is situated near tin' hiiiliest point 
of t he valve, g relialffe eoohn^ is miaraiileed, ainfthe formation of nir- 
pookels is prevenO'd. Tln'^uati'r is broujilit ifi and led out bv nn'tins 
of n*l>b(‘r pipme.* The p^^ton-lieail ts water-cooled too, and ^he link- 
motion necessary for tliis purpose is shown by theSenre. In order to 
make It possible to,employ hiuh eom{>r<‘s:^om an olilonc cooter-hox 
K is placed in the ^imhustioii-ehaminu-, and through this the water 
circnlates ^.see p. iTil). 'File iymler T is insertiyi in the cooler-box 
immediately under tin* inlcd-vTtlve. To the lower end of the cylinder 
i.s e.onneeted a blow-out pipe R. th^gueJi whicli oil and soot can be 
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blown nul'. Till' iowJT [>ari P of 1 iio I'n^nic-IxMl serves as a lank for ( ho 
combustion aii', which enters 11n-n* tluou^h 1 [t<' w^tHlcn (iniin U. 

Lar^ £ngmes. 

Ijiifge L;as-enL!;inos c hail ^ vin y loni: e\is!ence^ toi the iinlust ry 
in question dnl not become o[ ?Ilv^ injMni.nice unlirtln- Ihtns K.thi- 
bition m Ut ihe fn ms <'\mb!nn:^ on Ihal occasion the NanfVe* 

dockt^nll, Tr SiiiiiiHi, UeLinni. au.il\«'neii wcil-dcsei \etl atlmilion by 



i’i(, 70. 


its oniiiiio of (>1)0 winch w.is a. powei^nnk^iown up to (hat liino^ 

anione ;fas-eni’iues. '[.die (inn men!nnie^^l {•onlintnal 4n (he patJi it, 
had taken, and constmeted Ulnt^ steadiiv iiici’i*a.vrii.' in si/A\ which 
wcio used at iiama^aiid stc-bworks for the diivm.ii (»1 idowinti-oiftiun's. 
This yreat advance was soon.noticed in other countries—above all, in 
{fcrniany ami in the Ibiitt'd Stales, where eonditftms were very favour¬ 
able fur fhe emph^jnmnit, on a lar;je scab*, of en^fines for blast-furnace 
gas; and in tlies(‘ lAvo countries a nun,>ber of iirnis bohlly ffttacked the 
many ])rol)Ieins which presented hindrances to tfn* employment of 
these engines. Although th^* |A>wer iieceasary^was tt) be measured by 






Fig. 80. 
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thousands o[ horse-power, an atlempt was made, at first to proceed 
in accordance witli (he piineiples ol dcssipii whicl# had been found 
suitable witli smalloi- <'neine.s, and 11.11 endeavour was made to produce 
the nec.es,sary miif.s if' a eombiriaf.ion of 11 number of .jmaller engine,s. 
It siyAi jiroved. liowe\*M, (.hat (".ii,s*wiis not feasible. ' Miimifacturers 
tlieii divided tliemselve, into (h '^canips -(lie one kei^iiiig (0 (he old 
and well-fried four-stroke ,syslemtas^l)eing siijicrior, while the otlfer 
party thought that the two-st.rokt‘ engine would )irovide a solnt.ion 
of the prolileiits involved, 

FOUR-STROKE ENO!NFS. 

• 

Although (he engine,s of dillerenf (inns still pre.sent elialaS,eristic 
difierenees, vie ma.v say that nearly all ol thjm sliovv typical features 
common to alj. In the ease of powers exeeeding about 30(1 Jl.l’., it 
is nowadays pi-elt.y generally the eiistom (o rejeel, the* single-acting 
for the doiilile-arting ly|)e. The ,siinplici(y of t,lje former,» -wliicl),i,s 
chai'acteri,se(l by (,lie fcbSenee ol e.ru,sa-hea,il,s and stuiiing-boxes- - 
becomes, in the case ol engines of gie|,i,lei power, of l(‘,ss importance as 
compared with the essential advantages eonferred by a chaser ajijiroaSvh 
to the well-tried eoiistrue.tion of the ,sl(‘am-engine. As it is nearly 
alwajes of great importance to be aide to reduce the weight of the 
fly-wheel, two double-aetiiig cylimleis are, as a rule, a*ranged behind 
each other. By this means, it. is true, the engine will coiusist of'a 
larger number of jiarts than if tlie^nitire power was obtained from'a 
single eylind','r; but, on the other hand, important advantf-gffls are 
obtained. One working-stroke is obtained for every lialf revolution^ 
just as III the ea.se of a double-acting l-(,ylinder .st.ea,iii-eiigine. The 
nistroii ,11'ea,'together wilh all forces, liereby becomei^les.s, and these 
lattjji are mor(»ei|iially dTvided diiriiig ^lie iiovvei'-cycle. The power- 
transmitting parts arc utilised better in (his way, the wepsfht ol tlie 
fly-wheel can be, coii.siderably reduced, ami the raeehaiiical enieiency 
is favourftble. 

In sinalier engines'withniil eross-hea.ds, where (he side-pre,ssun! 
from the connecting rod must be received by the piston, this latter 
mu,St b(‘ gwpii a pretty considerable length, ilnlujuiil expirpsuin of 
the cylinder and the [dst.oi^ can easih*occur, uiul^tlie riskYs tjiereby' nyi 
of th(‘ idstoii's sticking, with»tiie consequent, injury finiie working- 
surfaces. If these w^jiditions bring about tertidu difliculties even 
in middl(‘-,si/,ed engines, the ditiiculfies increii.se in largit engines (0 
such a di'grec that there'is a risk of destroying the i;elialiilit,yi of the 
engine, in t.he casiiot tlm double-aeting ty[A‘, on the contrary, there 
is, of course, a special cross-head (fig. 80), and thus there is no reason 
to make” the piston longer jlian what is renjuired ik order to get room 
for the necessary number of packing rings. As wa.< mentioned before, 
the gas is never perf^jtly pure, but, in spjte of tJie cleaning i^iparatus, 
has always a percentage of dust. In order to reduce the inconvenience 
caused by this to the least jiqssi'nfe, the piston is not .allowed to act 
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wiiii its weifihi ii^jiiiisi, llii* \s jills (tf tin' {'-vlitKlc}', Itut it is turned with 
a diaincler coiisid^'nililf,' less than lliat nf tlie etdiiider, and is kept 
floated in the cyliiider on its pisl.oii-rod. The only part of the piston 
vvliich, diirinp ^vorkiny, eoiiies iipo coiiluel. uj' !i (he eylinder-wall, 
HIT tfiiis t he piiekiiip niiys. No diTslior ol iiei ■ ipurilies aie sijifi^-'zecl 
in belwi'cii the^iiston and the (.-ylim^i. where.nl would act, as a f>riml- 
iiifi iiiediuni, lull is swept awip^, |i*ii ei-euf extent, at least,, by the 
pistoji-rines. 

Ill oi'der (,o obtain such a lloatinp ol the pisf,oii oiiTTs rod, tlie 
eorreet, priiieijile was ii(lo|i(e(! (hat, the pi,st,oii-ro(boii;*lit, to be turned 
with aiieii ;i bend that,, h hen il, «as ail.erwarils loaded with its own 
weiybtiind with tijat ol the piston, toyeliier with the enchwed cooling 
gaiter, iT^voiild take iiji a perleilly hoiizoiital and straight position,* 
It would be ])ossibIe, of bourse, to liiiii the pl,s(on-rod under loading, 
but, in tInit ease it iMiiild bi' neeess.iry (,o lonphn' lait^iting cutting 
tools. As siuh a njelhod ol pi'oeediire is Jirel I p troiiblei^une, use is 
made of .i.«niet hod which, it is true' is not so t lieoretiealiv eoireet, but, 
in practice, gives a siiliieieiiliv good resiiir, 'The gioatest deilection 
of Ilu‘ fistoii-rod, which, of e.oiii,se, ari,ses in the middle ol the pi,stoii, 
is Mrst calculated, Aftei this the parts ol the piston-rod iving on 
either side of the piston are turned, on two dillerent geonieirieally 
straight axles which form an angle w ii h eaidi other, and meet, at ,‘,aicli a 
height above tlf,' middle ol the piston as corresponds to the ealculaf,ed 
deflection. 'I'lien, when the piston-rod is nioiinted in the cylinder 
with the piston airaiiged on il ai^l Idled with cooling water, it will 
takeTip'ji position which is very nea^h’ horizontal, • 

• The studing-boxi'S are a,lso spared by this const ruelion, and that 
to a very greaUdegree, as I Hey need not at al^ lake care of tin' weight 
of the ])ist,on, iKi would otherwise be the case afl,er the cylindei' has, 
become, worn. 

As, Immcver, the air-cooling received by (he pist.on in single-acting 
engines doe.s not here exist, it has been found nia-essarv to arrange for 
good water-eooling instead. It is self-evident that the j)i.ston-rod, 
too, must be cooled, and for this reu.son, both pi.slons and piston- 
rods are made hollow, so l,hiit the cooling-water may circulate through 
thenif auch a dov'ice, together with the very liigh fore* to which 
t|je jiiston<<j<ris expired, makes*it neeessm'y t,o liave it, eon.stniet,ed 
with fi great fiiic,knes,st,of metal, (lertain tirins have made use of 
this fact to o.seapeTronf tlie tuuiblosonie tuning of th<' piston-rod 
deseribed aftove. They l^urn the pislon-rod perfectly straight, a,s 
usual, Iv'it then .make it so thick, and make the elenrauce between 
the'j)i.s1,on and the eylinfler ,so large, that the pi.s^ou in any casi- will 
not rest against the cyhilder-bottom, but will be supported entirely 
by the cross-heads.' 

A slight displaRinient of the packing rings the stirffing-boxes 

^ Thirt method -wati formerly prop^fsed by CuUman for u«o in ateam- 
cngineb. * 
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in a radial direction is, of course, a natural (■C)n,s('(yieiiRe of l.his last- 
mentioned coiiistructioii, when 


the, piston moves in t,h.e cylimler. 
For this reason it i.s a, .'niractei- 
istic<enture of allstnifi u-hoxes 
in gas-engines that the ,,aching 
rings are inovalile I’adially, 
whether sp’gjig-rings nr nmnit 
rings (fig. 81) are used, Fig, 
81 shows the LenV stulliiig- 
box. Jtciuisi.sis of a number 
of uncut jia(d;ing rings A, alid 
internuMli.ate ('X[)iinsi(>n rings B. 
The rings A lie as clo.sely as 
pOiSSibh armi»d the piston-rod 
and are nuAuibh’ radially with¬ 
in the rings B, The ^ai^ that 
leaks out, jiast the piston-rod is 
expanded .sucee.ssively in the 
rings B. As is seen, the jiack- 
ing is based on labyrintliic 
actioifc 

Fig. 82 sliows how tiic cool¬ 
ing water, eil.lior from an 
elevated tank or from u cool¬ 
ing pump, eiifers into the hollow 
piston-j-od through a .stationary 
pipe. Tlie^outer end fcf the 
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stands in i-oiimd’tion with an 
air-ve,sser iiitimded l,o 
equalise the movement 
of the water. Another 
method is sliowu, by figs. 
83 and 84,'- of introduc¬ 
ing cooling water by 
meanij of hollow link 
rod,s, 

Sn sue^i. ,„iscs wlienc 
tfie gas contains sulplmr 
ilioxkle, it ij of import¬ 
ance for the pi.stori-i'od 
^lot to • lie cocdcd too 
.})oworliilly, a.s otherwise 
it will be. attacked by the 
moisftire which is con¬ 
densed in the stuffing- 


Maschineilfahnk Aiig.sbiirg-Nueniherg. 
box, and which absoidis the, sulphuric acitl formed, 

^ Figs. S2-84 are (irossgasimschn^n 
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In llie case ot'jlai'ce eiiiimcs, it has proved impossible to use the 
design of the cyliiidei-Iieiul shown in fif;. 37 ; for its complicated con- 
striieiion, occasioned by the vnlve-eaf;es, too o&en caused lireiikages. 
The valves, wita (heir caKes, liavc dlMuefote, ir inodern engines, boon 
removed to (luyvlnulet (iroper (fig. iS/i), wlieiaTy the head can be given 



and 84. — .Ma.sfiiiiHMil'alnik .■\ii;r.shin‘^-Niiernt>(.-r;f 

a simple and symnielrical fonn, as free a,s possible from cast-strains, 
and ;pi.pable oi resisting high pre.s.sures. The new consf I’UcI ion also 
Jiad the .esi,il(. that the valves anil tl e interior ol t he cylinder became 
relatively easily accessible,, this being rendered po.ssiblc especially 
by drawing out the cylinder-heads. 

Respecting the valves, the reader is refe-red to ]). 117. 

The valve-gear, wit.h ceitaiu 
types, re.sembles that employed with 
smaller engines, but in most cases 
it. is like that of the jKijipet-valve 
.stcam-engino.s. Thins, in the latter 
ca.se. the valve,s will not receive their 
movement from cams, but from 
eccen,t,rics- which act on the vnlve- 
stenns (fig. 87) by means of rolling 
levm or wipc/L Tlie inertia arising 
from the cigiaiderablo weight of tho 
valve-gear nuust be overcome, of 
course, and tliLs i,? done mote easily 
if eceentrics are used iristeail of cams. 
It. mighi, be thought that this ex¬ 
pedient i.s alnic it self-evident. But 
this is not the case, however, for, as the valve is to be kept open for 
only about one quarter of the tiipe necessary for one revolution, it 
will only be tile shaded part, shown i, fig. 85, of the circle area de- 
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scribed Ijy the centre of the eci'eiitric, riiie that eaji l)e employed for 
valve motion, 'i’he result of t his is that the oliji'et aimed at is dearly 
liouttlit. as the eeee'd ries must lie madi' hifee. This ineonveitieiiee is 
couny'rbahineed in l. ■at ineasifre,»]iowev’er, by eimibfiiijitt tlu' rolline 
iev(*i's just meiit ioiieif ith the e'Terit-ne inovemenf. Another advaii- 
tatte i.s also obtained b\ «tiiis ijif ‘ ns. I’lie rollinii lever e.aii hi' jti^en 
such a form that the eeeenf rie, will^tie^imt/ little loaded at tlm bi'einiiine 
of t he opeii'iif'of tile eyhaust-valve. wlieii a pressure of as miH'h as 
.‘fO-dO lbs. pel i^|uare inch prevails in the eyliiider. The rolliue lever 
can also have sueir* shape tiiat. the exhaust-valve is opened ipnekly 
at the bee*uniiie. 'I'liereare main' iaa'ee ea.s-eiieines. howefiu'. in,whicli 
the valve-motion is derived from eaaiis. and which work ♦prhi' satis¬ 
factorily. American linns have siinplilied f lie valve-eear hy aetuatiBg 
both the inlet- and I lie exliaiist-valves liv means ol one and t he same 
eccentric. 


MascMnAifabrik Augsburg-H uernberg. 

Ififts. Hti ,S!I sliow tins linn’s l»l‘cst const ruction, wliicli jn .metits 
imiiortant sini]ilifications as compared willi the older engines. The 
new dcHien of tlie valvc-ecar, especially, is iincly carried out. 

'Wic cylinders, which arc arraiiecd in tamlciii, arc, toecthor with 
tlicir distance pieces, connci'tcd centrally to each otiicrT The cyliiul(jrs 
are entirely supported by the niaiii- ami tail-frame, and by t he distance 
picc/'s, no si!|)porls lieiny cinph^ed beneath tlie cyiindcr-bj^.n'eis. 
The main-fnTme i.s aneliored rt^idly, while the disl.anee yicce and 
the taii-franie are jiroviiled with surfai* lues sliding on their re- 
spccti'-e, sol|;-plates to ailow for expansion. The iiineBcylinder-barrel 
«,!id the water-jacket- wiUI are east in ^ine pie.ee, at ft. great distance 
apatt,. thereby obtaining a very liroad end-llangc. The stresses 
which ari.se on account of the, different tenijieratures of the, two 
cylinder^ aie by this means kept within piojier limits. 

The jiisUm-rods aru turned along two geoinetrical axles forming 
an angle with each other as descrilx'd on ].* 176. i’lie stufiing-boxes 
are provided with a number of cast-iron and I5,u,bhit-t-m(*tal ring.s, 
each one (flvided in three ])art,s, wl*ich are kept pre.sscj agi^n,?i the 
pLston-rod hy means of sjuiufj. The lubricating oil is#vp|Tlied uiulw 
pressure. 

In eontra.st with Blie older construction, the, •■alves j^rc- arranged 
as far in as possible to^nu'ds the centre irf the cylinder, whereby a 
less btoken-up combustion-chainbju' is obtained. 'Wie valvtfti thoin- 
selves, not only tl# inlet- but also the ejchaiist-valve, unlike the. 
older e-emstruetion—but in agreemeni, with a nuinliei' of new German 
engines—arc not water-eoifted. Not even the vaf^e-seats are cooled. 

The valve-motio*i is derived from a lay-shaft, a arranf^-d at- the 
side of the engine, ffom which the mcArement is eommunicated by 
means of ecceuti'ics and rolling Jjjvers to the valves. The exhaust- 
valve b is actuated by positiy|i motion by means of t*he eccentric C, 
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its mnvcnioiit from iho same’ ('r-ccatric as tlie oxhaust-vaive.' The 
rolliiif; lover r, fulfniinod around the pin p, is iwitnatod by means of 
the oeeontrio c, liy the rod m and by tlio rolling lover o, which latter 
IS InlcrnnK'd around the pin n. The lover r aets/‘iroctly on the valve 
1. Amiind ilic lowor ])ntt oi tlu*'is a cylinjlrioal 
sli(l(^-va!vt' s rotatably w1u(‘1i acc.olnpanif's tho valv? in 

.ts. movement up and down. Air pi'.ter.s tlrr'nueh the space A, and 


min 




jjas from B. , The aid t prevents the dust wf.ich accompanies the 
pas from fnrcinp its way olown between the cy-iiiKlrical .slide-valve 
s anjl thb valve-e.',,,f.,;., The sprinp p brinps back' the valve to its sent 
apain towanls^the end of dho .stroke. >■ 

The poverninp. in contrast with the older construction, is worked 
on the comslant-iiu/dity principle, the amf.mit of ,air and pa.s beiiur 
si.mnitanepiisly ropulatod by the proater or less lift of the inlet- 
valve. This alteration in the'lift is obtained by'alteriiip the position 
of the block X on the rolliiip lever ,r. The .shaft V slaudijip in con- 
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nectit?n with ths governor, brings al)oitt. (his adjustment by aetuating 
the links Wj, W,, W3, and W4, whir-h latter link >^ioves the block x. 
The proportioning of the air and the gas is ol.)tained by the adjust¬ 
ment by hand of the air-valvi‘ s, which is rotatable around the valve- 
stem, The air-valvi’ is oiieruteci by means of the hand-wheel y 
(fif?. 88). 

Allis-Cb^rjers Co. 

The engwies (ligs, 1)0 and III) of this 111111 resemble in (,licit chief 
features the N^ernberger engine of wliieh they are really a develo]i- 
ment. (loiist.aiil-(]ftantity goveining is employed. Bot4i the inlet-, 
and the (tvhaiist-, ami the gj|,s-vahes reei.ive their niovenfent through 
rolling levers from one and the same eceeni ik- a (Ifg. ttl).» 11^. above 
the inlet-valve disc b and centrally aiTaii^eil around its stem IhPre 
is arranged a doulile-poiied ))o]ipet-valve, the gas-valve c, just men- 
tloneil, w'hii^h standing iimler the iiifluenci. of tlje, governor-*^ 
regulates tlie amount ol gas. This lakes jilaee li^ the follo^ving wjiy : 
the said gas-valve, is ijgnlly attached to a small cross-head d, which 
is puslu'd nji and ilovm by the action of the rolling levers J and g. 
The rolling lever f stands in eoiiTieetion with the eccentric* iTid' k, 
by means ol the rod h, while the lever g. wliicli is forked around (be 
cross-bead guide and fulerumed in the lalve-bonnet, is actuated by 
the Sovernor by means of the eeeentrie rod 1 and t.lu' shaft m. The 
valve c can thus be made to keep open during a sdiorter or longer 
part, of the .snetion stroki'. ^ 

The air .sjreams in under ihe gas-valve, and there mixes t.bpr*niglily 
with the gas, after which the charge rushes into (he cylijidfr through 
the main inlet-valve b. The an is not at%ll a.('(ed on by the governor, 
for w liicli •easrm an a^nost- eonslanti eoinjiression i..f obtained, inde- 
“j'emienr of tlif load. 'l*1i(‘ gas-valv|. i* openeil a iitfle later than the 
main inlet-valve, and tliu.s, at first, only air streams into tljr' cylinder. 
The dangi'r of back-fires (p. 282) is thendiy diniiiii.slied to the least 
possihh* For the same reason, the gas-valve is also closed a little ‘ 
before the inlet.-valvet The exhan.st-valve and its scat are water- 
cooled. ■» , 

Tile il(.jjil)le-llirow crank which is generally eiiiployed in Kuropean 
gas-engine.s lia.s been omitted, and ♦.use hasTjeeii made«BisJ^j#d lof the 
simple straiglit sliaft, as*('m)(loyed in stea.iiijPifgines, •.rith shrunk-fm 
loose cranks. In the ease of such large ,j)owers a.s those now in 
question, the crank-.sliafts are of considerable iXmensiws, for wliich 
reason the forging is vei<^' dilllcult., and is iftade .still more so by nickel- 
steel being the material employeik In addition to fhis, in tfie ta^ie of 
twin engines, with* the fly-wheel and generatoi'.s arranged between 
them, Souhle-throw cranks will call for at least four main hearings 
lying in line, while for stfaiglit. rrank-.sliafts (wo, hearings are .suffi¬ 
cient. In conseijulnce. of this, the erecting in the laty-r case is 
con.sidcrably simple?’, and the dangei* of heated bearings is less. 
These advantages must be purc^sed, however, at the co.st of a con- 
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sidenihly larfii'r sliiilt-diaineteV, and a considei-ably increased 'weii'lit 
of file engine-franif. In ovdiR to j'clieve the frame as mncli as possible 



Ifld. !)(). 


from extrflj bending stresses, and to transfer the bOaring-forces directly 
iMtead, two tie ))o!ts ai-e arriftiged above the erfek, connecting those 
parts of tlie frame tlijit lie in front and behind the shaft. 
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The Westinghouse Machiae Co. 

Fijfa. 1)2 -1)5 show a .'!0()()-]l.?. engine consistjng vi two Iwvin engines, 
each compo.sed of a liouhle.-acting tandeiii oiigine. In each cylinder 
them is tines developed 750 H.]'. The engine presents^sevei'al features 
wor^l^ of iittention.* 'I’he cylinder is cast in two pieces (fig, 93), 
which, in the middle of the cylinder, are fiislened togief her by means 
of shnink-on 1-liidis, while the jacket-wiill is closed by means oJ a- 
split band. The object of the (Hvision of the cylinder is to avoid 
east- and lieating-slridns. and to reduce the weight, of each special 
dusting. 

A siiiHle ecoeiitnc governs, by means of rolling "levers, the 
inlei.-vafve as well as the eihaiist-valve, the starting-valve, ami the 



ignitiion-gear. The regulating valve,s are made in t he form of I'ol.atable 
piston-valve,s and lU'e coniu'eted with eae^i other by means of reach 
rods. Such valves show, however, an inclination to stifk, caused 
by tbo, iiifpurities in the gas, nnlj.s.s the regidating .gowtlj^f the 
governor i.s very great. •Fo^ this reason, use ilias bej-n made of in¬ 
direct regulation iti siicli a wav tliat the govPrnor does not act direct 
on the regulal.iiig viK^ves, but only on a liTfle balanced pilot-valve. 
Thi.s, in its turn, admitj oil at .30 lbs. per wpiai’e inch pressure to one 
side or the other of an hydraulic rcgulation-eyliiKier, wliiln, finally, 
the piston of thi.s it^ts on the I’egulating vafves. • 

Thf? ignition is effected by means of niake-and-break igniters 
acted on by eleeiro-nia;Jnet,s. (hirrent i.s oblwiiieil from a little 
dynamo. Two igi^ters are used for each end ofthe cyliitder, while 
in the case of large ingines, three are etnjiloyed. 

A number of .safety device^ are emjiloyed. .Should any fault 
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or ocner, i-iie j^overnor |fii^lit bo fiijurod, anci the load suddenly 
removed. In ord<>r, iti such a case, to preveflt the engine from 
racing, there is arnwiged in the fly-wh^el a simple little ^overiioi^in 
the form of a claw. Should a fixed number of revolutions be exceeded, 
the claw falls out and breaks thf ignition (fig. §5). 
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The Snow Steam Pump Works. 

Fig. fl(i .show.s nil mitsidi' viow iif a twin taiidom d.'id-lI.P. pi’oduoer- 
Ka.s engine, aiK^ I'lgs. i)7 and '.18 f.lie uvriingoment of t.lio inlet and the 
regulating valves. The engini' dialers from these hitherto desJrjbed 
ehieily by (hed'aet. that the conibustion-e.hiiinbers are arranged on 
tlw side of t he e-ylindei', carrying inlet-valves and gear on top, e.xhaust- 
valve.s and gear below (fig. ihi).* '#his eonstrnelion maiies it po.s.siblo 
to keep the e.enl.i’e line of the engines down, and to all valve- 

gears above the floor. It also makes the fonndaliifti an unbroken 
block nnclerthe entire lengldi ol the engine. * 

Tke govornoi' operates on the ein.stant-((nalitv ])nnciple, a 
relea.se'J'eaT being'iised for the regulation of ga.s and air. The, main 



inlet-valve i (fig. 1)7) is actuated by a cam and .a rocker, as shown in 
tig. !I8. Tlie air- and ga.s-regulatiiig valve a is actuated in unison 
with the wilet-valve, by mrans of t.he rocker r and the hook 1. At a 
propei'»;*int^)f tlie* stroke the li^tk h, whieli is eonnec.tefi to 1, will 
be pu.sliMk»to the, rigit by a cam c on tli 4 ‘ cut-oil shaft S, which 
latter is driven from Hie cam-shaft b*y means of a hunting gear 
controlled by the ,govi^'nor. The regulati»g valve will then 
drop to its '.seat eusliiontfl by the dash-pot e, thus cutting off 
the gas »nd air .currents. The proportioning of the gas and air 
may'lie effected by means of tlie'throttle-valv* b, which can be 
adju.sted by hand. 

Like all large Aimerican ga,s-,ngiiies, ai^ overhung erank-.shaft is 
made use of, the IdnSw Company being, in fa<-t,, thejirst firm to depart, 
in •this reflect, from European practice, The,.9* engines have found 
their field largely in the natural gas- and oil-districts in driving gas- 
compressors. “■ 
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TWO-STROKE ENGINES. 

Gebruder Koerting. 

Kl". 90 ' shows t.liis ciiftinc m section tliroujili tlii' w(ii'ki)if;-oyhiKler ; 

Ihi'oii^li 1 ho*]Uin}|)s ; while liii. 191is ehiellv inlcmled Lo 
ilhlstriite the n'mihilioii. When the worl<'ie^-]>ist()U cl ililH truvci'se.d 
abouf; Hf) per c-eiit. of its workiiie-str^ke, it opens the ports s in 
iiiiddle ol 1 hj^workine-cvlmdei b,V'’hieh lead lo the exhaust-[>:pin)'. 
Tlie eomlnistion gases, wlncdi are under high pressure, then stream out 
to tlie sileneer at a\p(rea( speed, 25110 1)000 feet per seeomlj, .Close by 



Fiis-,. i.W ami lot). 


the worki»g-cy)iiider, two pmuji-eylinders arc arranged, C and Cj, 
the pistons of which are driven by* means ol erank-moi*)n ftwn the 
engine-shaft, but from afriin4; which goes 111^“ iti advance of the main 
engine-crank. Tin* jiiston c sucks in gas, lyid tJie piston Cj, air, and, 
during the cliarging period, tfiey jire.ss the uir^tml gas**respectively 
into the. working-cylinder. The punijis itre regulated by means of 
piston-valves k and'l, or k, and Ij, »('s]iectivels,'. Betrfoen them and the 
piping leading to tffe working-cylinder there are arranged non-return 
valves m and mj. During the hitt|r yiart of the. expansion .stroke, 
the pi.stoii-vaives 1 and Ij^iike up> such a position#in respect to k and 
ki that the pi,stons*in the pump-cylinders C and Cj can pu*Ji the gas 

^ Stahl a. UI0(t. 

^ Z. Vf'r dciLlficir Ing., No. 7, 






192 \ INTERNAL CDMRnSTION ENGINES AND QAS-tRODUOERS 

k * _ 

and tlic air Lielorc tlmni tiirough the res])('ctivi^ piston-valves and back 
into that part of their,respective (jylindei'S wliitdi is on the opposite 
side of the pistons. Jii this process (he non-return valves m and 
nij prevent lli» gas and tlie air iij the pipings from streaming baek 
again. Then, wlien dO" remain to the end of Tlii' sf.roke (the ^guro 
shows thi.s position), f lu^ inlet-v'alve e,is oj)ened at t he same time that 
aiC and, afterwards, gas tioo, ay conveyed thither from the puinp- 
eyliinjers through the pi])ing, whi#li is marked by dott-ed lines, in 
order, as far as jinssible, t.o pi'eveni the fresli charge fmm eoniing int.o 
contact with the hot gase.s in the working-eylin(l(i- (wlierehy ignition 



could occur),’the piston-vii^ve.s of the gas- and air-tfinmps are 

so refjulated'^.hat air^begins to be jjunipod^ into tlic piping, while 
the gas-pijiing’is’still Irejit closed. By'this means a part of the air 
in the air-pit)ingjis yuslftd past the inhdrvalv# e and into the gas¬ 
piping, and the re.sult of J;hi.s is that, when the inlet-valve is first 
opened, pnly pur^ air at first comes into the 'cylinder, followed after¬ 
ward,s by the charge. If is also intended fry thiji means to prevent 
the fresh charge from streaming out through the exhauat-ports. 
The mixture of air,and gas \vj* ich streanjs into the cylinder now 
pushes before, it thSt part of the exhaust gases wjjich ha.s not already 
stieamed t)ut when the portj s were uncovered and this results in 
the exhaust gases leaving the engine through the ports. The working- 
cylinder is thus freed»from the ooml^istion gases simultaneously with 
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a ■■ tiikiiij; placn, and this (iontinucs until the inlel-falve 

is closed iit a CiD" craiik-anele on the otliei’ side of the, dead centre. 
.Iitst liel'ore tins tlie e.\'haiist.-]ior(s have been •ovefed by the piston. 
The charge eiiclo.seil is then I'oiupri'ssinl lo 1 10-170 lbs. per square 
iiieli iji'i'.ssiii’e, a.nd is eriiiled in tlie^isiial way in the iielehbnui'hnnd n{ 
fhi‘^lea,il ceiilre, aitei- which tJie piston tairiis, e.xpan.sion begins, and 
the cycle be"iiis once more. T1k‘ [lisloii-v.di'i'.s 1 and Ij are aivauf^'d 
U.S reciprocat ing rot at a ble valves wit li^ibhque jiorts, a.nd a,re controlled 
l>y the '.>oc(M''^)iV \Mlh lieht. loatl the jiision-valves 1 aaid 1 , •close 
till' polls 111 1 hejnston-valvv'S k and k[ at a, later eraaik-anyle, th(H'('by 
also delayiiie the a.iNiiission of "as and a,ir iiilo the workin> 4 -u.ylinder. 


Oechelhauser’s Gas-Engine. 

Iti cannot lie dinned that this eiiyine itie esseniaa! priiiciph'S of 
which are sle^wn bv tie bid'—is the finest, of the two-,stroke eneine.s 
in resped I* I he lomual roiisisleiicy with wliicli t h(»esser/ial principfes 
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of tlie two-sToke eneine have lieen carried out ; and so ashoi;f descriji- 
tioii of it- will probably be of interest-, althoiiyli lids type ol eneine is 
norv seldwin built. 

A-' is seen, the enpnne is provided with Iwo pi.stons niovinf; in 
opjiosite. direel ions. The one is driven fri^iii the, crank-shaft in the 
usual niam^n', while I he other gets its innlfon bj/ iiicaii.s of recipro¬ 
cating rods driven by means of conif.icling rods from tlu-nawinfcj'ank- 
sliaft. When 2.3 ])er cetrt^ o^the e.vpansioii strSke stiU remains, the 
forward ]iisloii opens the e.xliaust-ports a jvideli extend round the 
cylinder. Previous tif this, however, air and ga« have l*een iiressed 
into ri'.servoirs by siicen*] pumps, winch, iti the drawing, are placed 
right behind the working-eylindijr. Tlien,, when Mie pistfftis have 
oonui so far llial, or#v I 1 per cent, of the pision-stroke remains, the 
rear ]iisfon opens a row of ports b aiT||nged round about the cylinder. 
Thi'ough these, the air rustles in froni its rcservo!i*^nd drives out th'i 
exhaust gases beforifit. Finally, when only (i per cent, of tjie pistoji- 

* Culiinei, Ver^ennuiu/sitLotorm 
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strolce remaiiLs, tlui last.-mont.'OTiRd piston uncovers another oirolc of 
ports, C, tliroii"li wiiich cas alone enters. Then the pistons return, 
compress tin; m:wl^' introduced gas mi.^tiire, and so on. 

By moaii.s of tlie construction with two jiistons moving in ojipoaite 
directions, a gdod many advantage's are gained. First and foremost, 
an excellent coinhustion-chamljei' is ohtatned— a plain cylinder, which 
iSiCxposed only to radially-acting gas pressure, but to no axially-acting 
forces a.t all, if we disregard the jii.stoii friction. But, aliove all, 
the air and the gas enter the cylinder quite (culrdlhf while the air 
tluii hrst enters fornis an i.solating layer between the hot c-xliaust gases 
and the ■cc’iihustible iii'w charge. By this nieaiiA the eddying move¬ 
ments aree..stricted in the greal.est possible degree, tlui.s avoiding t.he 
dangc" boll, of jirc-ignit.ions and of tlie loss of gas tliiough the exhaust. 
Ii. addition to tlii.s, all valves in the. workiiig-eylinder are rendered 
unnecessary in this engine. 

Compa.reii with a four-stroke l■llgille, however, t lii.s-.system offers 
searci'Iy jiiy advantages. The engine does nofbecome ifhy simpler, 
for the valves wliieh have been taken a.wayjrqm the working-cylinder 
have qjily been removed to the air- and gas-pumps - where, it is true, 
they all* not exposed to .high teftiperatures, however, llegavded a..s 
a whole, then, the engine is certainly nut- .simpler t.huii a four-stroke, 
engine. 

Some Pfints of Comparison between Four-Stroke and 
' Two-Stroke Engines. 

T]^c fundamental idea of the two-stroke engine lias been the 
followiiigi:— 

With the four-stroke engine—and in this eonneet ion none but the 
ordinary single-acting four-stroke engines artf'emisidered—only every 
fourth stroke is a working-slruke. and, during both tlig' first and the 
fourth stroke's, the workiiig-jiiston serves merely as a pump-piston. 
By arranging this pum|)-actiou in a special jiunip and letting the 
working-piston have only the e.omjircssion and expansior strokes 
for its share (for which action it is belt.cr suited on account of its 
construction), the engine is so altiTed that, during a fixed number of 
revolutions, wo obtain twice us iiiuiiy working-strokes. The engine 
thertiS} Iwi'iiies twice us powerful, lighter, und c.hoa])cv in construc¬ 
tion. Wo shall now" examine some of. tin. points of view to which 
attention sliould be paid jii making u eoniparison between the clifforont 
types of enp.ines. t '■ 

Kach combustion-engi.u' sy.st.em st.ands (.'j falls by the greater or 
loss pokoibility iC jiossesses of cx])elliug llic consumed gase.s from the 
cylinder and of introducing into the latter a snffiC.icntly large new* gua 
mixture, and of performing tlis iii an efl’eclive, economical,' and re¬ 
liable manner. 

Jn thf, case of the four-stroke engine we liav, two full strokes at 
our disposal. More than'this, the driving'out of the exhaust 
gases and the introduction of'tfe new charge take place during 
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differmii pe^'iod.s. and do not syncliijonisp with each otlioi'. * TTere 
wo are quite .suro I hat, under evei'y ciri'uiustance, out of the cylinder 
can, first and foremost, he removed the wlioit' of^liat amount, of eaa 
whiC'li corresponds to the dill’erence in pressure at the close of the 
e.'cpiyiaion- and duriiip fim e.xli^nsl.-stroke. In aflilitiou to this, 
dirtini; the fourth stroke, the piston jmslies before it^fand out of tlio< 
cylinder) a volume of eas \vlu<*h is about as laree as the jiiston ^lis- 
plaeenient. On t he ot her hand, t he^e will a.K\a,ys remain a volume of, 
burned, and rjms uieit, "uses ol the same volume as the eompifssion- 
spaee. As thj^ amounts, as a rule, to dO-.'i.b pel' cent, of theffttoii 
displacement, it .s^.nild be clear that, in tlu' I'our-stroke.eAipme, the 
purity of«the chai'ge is not a,lwa.\’s as perfect as it niiphl. It' deepied at 
first sioht. Now, if at the Wose of the exhaust si joke tl»t pre»sure in 
the I'.yhndei was, however, equal to that of the outer air, a four-str*kl? 
enqire durinq tlie next stroke would be able to dra-w in a volume of 
charge e(|uaH,o the piston displacement. This is far from beiiiq th" 
case, hovi'hver. Af t he close oi the exhaust .sfroke dhi'iv prevails, 
on the eoiitrary, wit.hin t-li<' rompre.ssioii-s))ace of the eylindef, a 
pre.ssure wliich, as a, rule, is qi'ealer than that of the outer air, and 
wliieh may be very c(msideral)l», espi'eyilly in t he ease ^if .small 
liieh-sjieed I'lijriiies, Then, when the piston turns and begins its 
suction stroke, the remaining gas must iirsl I'xpand down to the 
p’'jj,'«ure 111 the, inlet-piping before the pi.ston can begin to draav in a 
new', fresh charge. 'Tims tlie volume of tlie new T'harge drawj in 
amounts to only a part of the (liston displacement, and (he volumetric 
efheienc.y (<■/’. p. 27f) might tali fei-y considerably under unfavourable 
c.ondilions, ’ An cndeavonr inuibceii made to lessen tills inciuivenience 
by '•egulating the valves in such a way ijiat the exhaus^-valvi' is Hot 
clos'd until Ifie suctiHn stroke has begun, while t<(ie inlet-valve, is 
’ op' ned at th^ end of wdiau.st stroke^fr/i p. 120). ^iiit this can only 
iilfjirovc mat-ters in a certain degrei'. ^ 

In two-stroke engines things are still move unfa.voui'al)Ie, however. 
When tjie, piston has 20-2.b ])er cent, of its stroke still left, the exhaiist- ■ 
ports are, opened. Ihiring the .short time the crank-pin now moves 
around the dead centre till the, iiilet-jiort^ ai'c again closed, so great 
a part of^tlie consumed gases must fir,si have lime t.o .sfream out 
that the iireasure sinks to nearly f-liat of the atmnspl'.iitt', then 
a new charge mu.st, in Mie ^'ay or another, l)(»inf roiUiced, which has 
first to foi'ce out what remains from tin- prevTous eombuslion, and this 
without mixing witif these remains. 'The greatest liiffieulty lies in 
the introduction ol tlis charge without gwing rise to eddying move¬ 
ments ; foi', if .such movements ^vise, a paj't of I h(»charge Siay easily 
be lost through thefixhaust—which, of courae, signilies a direct iTicli'ea.se 
in the, tiomsumptiou of fuel per horsi^power,—in addil ion to which the 
remaining part i.s greatlij diluted I*’ the inert ^ases, of which there 
remains a great q«autity. This cau.ses a deterioration (|f the com¬ 
bustion ; the powe» of the engine sink*, and the consumption of luel 
is increased still further. More 2 yef, the risk is run that in such a case 
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llic ih'av cliai-'xc iiGiy be i<initc(lj>y the reiiiiuiis (if the old one, aifii this 
iini\' biitij,; the enuiiH* to it .stojidstill. As \eas shoAvn behn'c, an 
endeuA'our lias be(Mr iiiitnie to diminish these ineout'enuniei's by intro- 
dueine pine ini' as an isolatnie layei between tJie eliarpe and tlie 
exhaust, leases. *T]te th'dicllttnisci '^'is-enenn' is, o[ eonrse, soin(',wliat- 
< belter oil in tlii.s ri'speet Ilian Kik'iUhij' ts. as. in l.lie latler, an and fias 
arivinivodneed lliniUKli x'alves w liieln cannot be placed ifidndly m 
,the cyliiKlei'-head ; bill, in any,,case, llie wJiolc of Ibis method oi 
(diiiiui'iifi IS a (cry dclieate one. 

\i"hen valves are enpiloyed lor tlie ml ioduciion ol the idiai'ne, they 
iiiiisl be pAV.-ii pretty lapyc dimensions, because the (line Ilic)' can be 
kept <tp(‘ii Iti so shorl. lint as the caiii-shall ol a Ivo-stroke eiienie 
must iclaletv 1! li Ijie same mnnbei' of i eVoliil ions as I he main shaft, 
i.hc dillieiilties ol so ci^iiitiollnig the inerl la-foices that, impacts 
shall not aiisi* in the va]\e-gi'.ir are gieatm' than in loin-striike 
euynies ol a. correspoiidinn size. Tlie.se diliicullics can hie mastered, 
however, ]>y keepiiVg the ma.s.ses which ale 1,o' lie acc(*lera.ted as 
small as possible, by a suitable design ol.tlp' valve-gear, and by 
loweriiie the acceleration itsell to the lea„st, possible ainoiuil — 
the b'ltw standing in diiycl coniteclion willi the lilt ol the \alvc. 
As a eonseiiiieiice oi this, the designer iiiiist eveiitmillv allow a 
larger eharging-jicriod. 

h'or t.he.se reasons the number of revolutions, in the ease of gfeat 
poij'cr, eaiinol la* brought to I he same height wit h a f wo-slioke engine 
as with a, four-stroke one. Thus, for exaiiijile, a. |(K)()-1 i,l>, t,we¬ 
st roke^engine can scaicely be run wMh more than 75 S.b riwolutions 
jier niinulii, while, on the other hand, a four-stroke engiiie'ol the same 
poVer can lery well run wit.h IK) revolutions per minute. We find, 
tlierelore, that Vhe l.wo-slioke engines have hi. longer sK'iike. For 
economical ipierifiion, however^-a high iiiiiiiKcr ol rev;,oluljoiis is of 
gi'cat impiytanee. as the cost-jirice is nearly alwavs lower the grealer 
the iiiimber ol the revolutions. Thus, for example, if a, ga.s-engine 
is to run an electric generator, the expense of the electric part is iioii- 
siderably lower with a high immber of revoluti'oiis. It is, of course, 
the total cost of the inKt.allp,lion that determines the matter, and so, 
in certain Vases, ti two-stroke engine may he jireferable il^tlie firice 
is Inwy/I Avd in many iii.stanct.s a high number of revolutions 
would not, in anv case,‘‘be pmjiioyed for ot,hei'u.'asim.s. ,Stich instances 
are the. driving of largejmiiips, lilowing-ciigincs, etc. The space 
uece.ssai')' for.a two-stroke gas-engine is less, tooT 

As we see by fig. IDl.tlie working-pisto,ti. must be made fairly 
long, as, thiring liiie greutgr part oi, the stroke, it has to keep the 
exhanst-porls covei-ed. Jn t.lie ease ol such larg*e engines as those 
now in (]iiestioii, the danger of wiiir and tear of the pi.stou and c)*lindei', 
caused by uneven eij'pan.sion, iiathrafly in<;r<ases. On account of the 
great Icngtji of the piston in two-cycle engines, il cannot be floated 
on its rod, but is, instead, ealried by tlie cylind'er. It need not be 
said that the impurities which (iui^pit^^of extensive cleaning appaiatus) 
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always oxist in iho jjas can cause far more da-ina^e wlicn tliey get. in 
between tin' cyliinler-wull ainl the ])iston, wh^^h lifis against it with all 
its weight, than in a,n eiigtiie \^ltere (he piston has eonsidevahle clear¬ 
ance^ and where onlv the piston^’ings ('xeri; a Iight*])r('ssnre on the 
cy4inder-w;dl. On The olher liand.^lliis iiieonveniejiee of thi‘ two-i 
cyc.le engine must not he ('xnig^eraled, as tlie wear of t he eylind(;r is 
much more to he a.serihed (o tlie action of tJie pision-i'ings with their, 
shar]> ('dg«‘s ijuiii to ihe pressure*i>f iJk* piston itsell- a tact llfat can 
easily lie ohs(‘^-ved in any imgim' with an opim-end piston ^dch 
has heen running- some lenglli of time. On tJie \'ili*tle. many 
engin(M‘!>j» consider well-desnjned and well-hmit. foui'-cfele <;ngin(“s 
to he more reliable in op('fation, an<{ to <-aiise witerr’*p1.ions, 

than eorrespimding two-cvele (‘ngines. Jt slioiihl he remarWrftT* 
liowever, ilml inanv four-<-vele eiigin<‘s liavi' heen hiiiit hy very 
large and \#(‘]l-k'no\\ n tiims which In-n'e not. [iiltllled reasonahh' 
expi'etainl^is. .so tha.l other ^rngineeis enicrtafti opp<»sit^c opinions 
to t hose pisf ijuoleil.^ ^ * 

A gtnu'ral opinion as to the superior! t v ol loui'- or t wo-cychMUigines 
eantiol hegi\en. as tin* points of vifw tliat ^o'e dc'cisive of t!us*<|ugstio]i 
are most ml ima,l cly coiims'ti'd with the design of the engine and with 
its use. ' 

,Uith sueli o!l-<mgmes where pun* air streams into the e-vlinder ^ 
aiid drives out the exhaust gas(‘s, and where the oil*is injected a|^’er- 
waf?!s, ot.licv |)()in(s of viiov should also ho fakon inf.o ootisidorad.ioii. 
Thort' is hero uo (hiuoia- at. all oeionilious otfu.sod by thi' hot oxliausf 
“iisos ilui'iii" ilio ('lia.i'uli}y |)ori(*‘l. On llio oilier hand, iiia§y i)I those 
I'lminos arc not providod with a spi-ohd iwr-juiniji, hut tlio c.raiik-cllse 
has to sorv^’ foi' this jufi'jioso. Tho cousutihmI oasi's iPavo tho oylindor 
till' noil ports^on one ,»,lo, wdiili' thevn' ontoi's Ihn^ioh ports on the 
o|^/Osite s'diu The iiitrodiielion oT air witlioiU. eddyiiiy yiovenient.s 
therehy hoeoiiies impossible ; neither can a sullieient amount of air 
he eotjo stream in. Munv sindi engines sulTer fi'om a consider¬ 
ably decvi'a.si'd powen as soon as t.ho crank-sliaft Itearines become 
worn, for then thi' air lea.ks out on thy' dowinvaril movement of 
tile iii.stoii. This can he preveiiti'd, however. Witli many, Imt 
not all. <!t tliese eipeines, it liaa*prov('d that *tlie jii'-'ijn .Tiyd the 
cylinder yet worn outtprey v (]uiekly. Tliis»re,snlt«, of course, in 
inoroused leakage fioni tin' cylinder past! t.he piston and down 
to the crank-case, f.liereliy lowcrine the power still, more. An 
advantnee of vitv grcyit wclpdit in tlie ta.se of 1 wn-.stroko enginea 
often is, howevi'i’, tiiat, on iiciy.unt of tjieir .sinude oormtruction, 
they can lie piirolmsed cheafily. , * 

In the case of a mimlier of two-cyale cngine.s—small petrol-engineg, 
for instance—tlie chaige i» drawn in Teady-niixet’tjnto the crank-case. 
Then, when the chta'ge streams into tlie cylinder it hajipems, esjiecially 
when the number oi revolutions is lowf that it is ignited by the Tiot 
gaseg, causing the explo.sion to blow back into the crank-case. 
In order, in such a case, to be flile to keep th? engine running until 
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a new cliarfi'o can bo inti-odiira-rl into tlio cylinder, a relatively heavy 
fly-wheel is roquirel'i. We. find, tlnn'otort!, that such two-cycle engines 
are often providi'd with heavier fly-wheels than four-cycle engines 
of corresporidinji size. ,, 

In the case pt two-stroke engine,s with special pump.5, these latter 
oft/'ii reriiiire gii'iit power, on iiecoiint of resisiance in the valves and 
piping. The eliarging-wnrk with two-eyele engines has here been 
inea.sm'od up to 20 per cent, and fnore of the indii'ated total work, 
whilt-nin tlii' c.a.se of fonr-cyde engines it amounts fp •(-.'5 per cent. 
Lately, liowever, the loss has been reduced to ]H'r cent, in the, 
case yf tin*- first-named engini'.s. In vea,lity, it has provsd that a 
two-st»:)ke engine |.dnes not. by far give’lwic.e the power of a four- 
(,r. le engine, of the same cylinder-dimension.s ,a.nd number of revolu¬ 
tions. In favourable case.s it may give (iO--'.)() per cent, greater power; 
bi^t., as regards small <'ugiiies, the iiu-rease is very often little or none. 
From whqt lid.s bfsdi ,sa.Hl abitve, it, follows that,'as regarfis llu' con- 
.sumption of fuel, the four-cycle eugiiK'S, a:< a,_ ruh', have a little a<l- 
vantagp over two-stroke engines. 


Suction-Gas Engines for Ships. 

yVfter such l)rillia,nt results had been olitained in tlic caia^ of 
s^tiomiry iiista'ilations with combustion ciigim's a,s coinpared with 
steam-engines. 1.li<‘ idea natiirallv yrcsenled i1,self of endeavouring to 
make u.se of the <‘.x]M'rience guine(l''fnr ships. A dimiHished demand 
for space ^oiild there 1)(> expected, not rnlv for the engine and prodiieer 
a.<f comjiared with (he steaiu-ciigiiie and its lioiler, hut for t.he fuel 
likewise, ft slmuld lx- po.ssible, ton. to redifce the corujumption of 
fuel to about hifif of what it L at pre.sent. •■For carrying-,ships this" 
would mean iiicrea.sed ca.i»ac.ity of carriage and cheaper worWng 
expemses, and for sliijis-of-wai-, increased range of action. A good 
steani-cnginc iiustallation on a warsliip consumes 2-2-i- lbs., of coal 
per 15.11.1’. per hour, while a gas-engine give.s the same ])Ower with 
II). In otlier wophs. by employing gas-cngine.s the range 
of action could be increast.'d by 2-2.J times. This is on the supposi¬ 
tion, i}*F\’oii.Y'e, that it is not posable to further reduce the consump¬ 
tion of coal in„the ctWe of steam-engine,s fiivm what it is at present. 
There is, however, a ])().s.sibilit.y of doing this by employing super¬ 
heated steam. 

As regards nvight this if. at present with steam per 15.TT.7’.:— 
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Table xfv. 


I Engine.^ Boiler.® 

I • 

iba.* lbs. 


For earryinu-Hliips . . . IS5-220 

,, pH^eiigcr steamers . 12t)-17r> 1110-185 

,, ivoni'UidHfJoi^'il’iip(f>n(H{i) . 70-SS ■ tl2-]20 

light eniisorH .s/ca?/?- 

i7t(f) . . . . I 4-H-78 48-110 

,, 1-orpoiio - boats and dl'- 

stroyei's { forn'd ■stvii'tiinnj) 20-115 24-118 


Piping,^ j 
l)t(e 

Total 

weight. 

lbs. 1 

lbs. 

88-120 

55-77 

2.7-48 

^-575 ' 

210^40 

2(li^2r.O 

• « 

24 

120-220 

10-20 

1)4-1» ... 


It oUHj;1*to be possible to pi’oduce a i;aK-cn>'ipc iiistalliitioii of^tlie 
saiiio, or less weipbt. Tlie substitution of pro(liio(‘rs lov bMlers wpuld 
also nuuler a smaller*iiflmber of stokers necessary, and tlieii' work 
|fronld he(a)me less opprt^ssive, as tin' radiation of lieat from pjoducers 
caiinol be at all compais'd with tTiat from sleam-boih^rs. if we add 
to this the fact that, in the case of suoti()n-"as machinery, there would 
be no iH'r'CSsity foi' pipnift under pressure, this, too, should contribute 
to»a* sirnplilierl operation. , 

I'he arlvanta^es for' warships would be still ^treater, as fuittiels 
would Ircconu* unnets'ssary. In .the case of larne ships this means 
ine cased stiootiiift c-apacitv, aiuf, for torpedo-boats incrcage(^ safety 
in mameuvriiift and fightine r^luc, as their position aijd Movements 
would not be betrayer^ by the, light and lirnoke abovi' the funnels, 
Th-'si' point,''^^f yiew make the irrohlem a very aftractive one, but, 
ui^iortunatel'^. there are great diflicir'ltn's in the way of its solution. 
Although early experiments on a small scale havi' liecn.made with 
suction-gas machinery for vessels, it is 1,hc (linman engineer Capitaini 
who hSs the credit of having brought the matter forward, .and ol 
having shown its practicability. Capilarae himself, however, has 
only built smaller plants for canal tradinig-ahi])s and simijar vessels, 
whbe th» greatest difficulties coiJd scarcely btk expected to .appear. 
It is Englaiul wffiich, assisted by Capitaiiie’s jiatent, ites*.seriously 
attempted the solution* of*the problem, ajid* sevcrfll firms in that 
country are at prescjit working very energ*itioally in this matter. 

In 'stationary plants the engine, as a ruld^ works Under a load 
which docs not'vary So very greatly, and, in any case, the changes 
in load do not follow so suddenly on each »ther as they do in % case 
of matine engines* It is true that, nowadays, the engine can easily 
follow these variations; but this ij^not the ease, with the producer, 


1 By engine is understood main engine with shaft and propetier. ^ 

“ By lioiler is untleratood boiler (emfity) with all,fittings and smoke- 

» By piping, etc., is under8too<f*piping, pumps,^ratin^, ladders, etc. 
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which, in its entire cliarac.tor and inetiiod n{ workin”, is more suited 
for continiiniis oim-ati^^n. li. is probable that this difficulty will be 
}jot over by keepiiio f.he producer in ('ontimious working by moans 
of iinxilinry innchinerv, which will be indepoiidenti ol the speed and 
load of the engine, at any eiven moment. 

hlT'idently, t'lie probh'iri cannot, bi; considered as perfectly solved. 
It'is scarcely' possilile to drive larye ships wit.h ant hra.cile and coke, 
and, ijl the pre.sent price of anCliificite. would hardly jiay. Neither 
e,aii,sii<'h “a,s-]mHliiciii<i methods, the economical I’csu'lls of which 
depeini on a utilisation on u, larye scale of the h.'-]ifoducts, be em¬ 
ployed. sj'ippiny companies will most eertainlv not. renioye steam- 
('nymils a.n([_ boilers from theii' ships m order to inslaii chemica.l 
’"Olios on board. ' 

(la.])i 1 a.ine liiiiiseH dot's not. seem to have anticipated a.iiv ermit. 
di file lilt ies with resjiect i.o the producer ; but he eoiisidiaed it neee.s.sary', 
onViie other hynd, idtoyether to eoiidenin all cAisline li'pen if engines 
as usele.ss'wheii a. «reat amount of power is needed, lie siipiiort.ed 
his opinions bv ei'rtaiii eoiisideratioiis eone'eiaiiiiy the weiylit of the 
engines*,,ete., which we need not. ijnter iiitii here, but tthieb seem to 
rest on somewhat, superficial bases, for a siielioii-eas eiiyiiie for marine 
purjioses e.a.n certainly be built, in aeeordancf* u it li intber the foui'-iwiie 
or the two-cycle system. 

On the otherthand. it is an iin])eralive necessity for the eiiyiiie.s to 
be fnade reversing, (or revei-sinu-nears and ad jii.staiile projielhu- blades 
can hardly be employed with eiiyftjes of more than lOO II.1’. Tlie 
reversftili' siiction-yas engines hitherto constriict.ed ha.ve been jirovided 
with a liydralrlic eoiiplin« biU.ween the crank- and the projniler-sha.ft. 
By tills means, he propeller can he disconm'et.ed Irom the enyiiie, 
duriny the short, .itpace of t ime required for t he^;;;".-er biy 01*1116 enyiiie, 
by means of comjiressed air. TItis .syst em, however, fan hardly die 
considi'i'ed'as aieeptable in the. ease of la.r^e ])Owers. In siieh casi's 
rioid conpliny will lie an indispensable eondiliiui. 

Another matter that has to be taken inlo coii.sideratioii is that the 
resistance of tlie ship is diminisheil very ipiickly with decrease of 
•speed. Tko engine nuist, Ihierefore, be able to work both with a low 
nuinbe»^ ^oliitiods and with a. iti)nsiilera.l)!y reduced nieiih pressure 
{cf. j). 272), iiiicl tlii.s j)iust be obtained wiflypit the use of large and 
heavy (ly-whcclfi. Now,'it is fortuiiiitoly'the cinse that the dimensions 
of the fly-wlieel dim^^isli Very rajiidly in pro|Kvtion as the. numher 
ofj; cylinders iiierea.ses. A ,iiiodenitely high miinber of cylinders is 
desirable, Jiowevei;,. in order to got good power of reversing, capability 
of iTMinosuvring, and reliability. With a large niimber of cylinders, 
it hs possible for one of them tojie closed at a. time for the cleaning 
of the, valves, the iniipi'Ction of tlie igniters^ etc,, without the engine 
having t.o be stopped for this purpose. The calc^ilatioiis respecting 
this< mattef which tiie ivriter, lias carried out .showed that, W'ith 
71 lbs. compressioli- and 355 lbs. explosion-pre.ssure—and under the 
supposition that Ihcni is constant otegree of irre,giilarity, in horse- 
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power, diameter of lly-wheel, and numbeV of revolutions—the necessary 
fly-whoel waM^ydils in the case oi 8-, ti-, and 4-crlindcr four-stroke 
engines, stand in the ])ntportion of ! : d-r> : f). These figures allow 
in what a fiigh degn'e the weight, of the 
fly-^vfleel is de])endeiTt on tin' nuintao' ol 
cylinders. This. ]io\\e\'(M, is eounthr- 
balanced by tie* laet that lai'gtn eiuiin's 
must work witli a lower miud^ei* i)\ 
revolutions. 

Oapita-ine effns^er(*d that it wa.s not 
possihh'to build Kuitieumtly light engiiu's 
with jireseiit d(‘signs. lie eoii- 

stniet('d boll) vhe frame and tin- bed, 
and even l.lu* eofjling jaeket-wali, of 
ste«‘]-])late at^d angle-iron (tig. 

This |i4K‘ulm.r {'(gisti'ueUon has Skmmi 
hailed in tli<‘ leeliiiieai ])n‘.ss of the 
w'orld as a very greflL *siep {orwuird. 
by means of wliielt tin' weight (J tin' 
engini' eoiihi be eonsiderablv reduced. 

Tlie invi'iitor himself slates ilia-t the 
gain^imonnts to 10-JT) ])er e(‘nt. Fig. 

13f si lows, liowcvcr, Ilia! it is possilili' 
to reduci’ the Hciuht in a still liinlicr 
doui'i'n liy otlii'i' means. Il lii^ also 
been auvaiiKsl in favour of (.lie eoii- 
struciion in (juesfion tliat the eii.eine-frame can be .ri\*eted f^t 
direci (o (he strineer* of tlie sliifi, and tlius liely to stiffen the 
.sbi]) itself. tfien naini^dly presents jjself. wliether it 

reailv is of aifvantaye 1o make nsf of tliis fact*. Sueli a .stiffeniinr 



must very naturally stand in (’oiin/..tioii witli ^tlieratioins in form, 
and it seems as if it,jnielit foo easily liappen lliai |t;rank-sliaft bearing 
would get lieated ii,^ a rough .sea just^ wlum eijgiiie-povve’r is iisost 
needed. 

Fig. lot sliows diagramatiiiAlly the genejal arrangement of a 
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Capitaine siiction-i>aa eiifiinc.' From tlie prodiicor, wliioli is provided 
with movalilf grate, tlie giis [las.si's through an ordinary vaporiser, 
and from Ihere to a scrnlibor into which the water is injeistod like 
a fine rain, wlicli cools the gas and bind.s the aceninpanying dnst. 



Flo. Kid. 

From the .scrul^her it passes through a rap 2 d.K’,.|Vot|-(,)p(«; centrifugal, 
dcanei' and, finally, to tli(‘ en^inv. 

Fig. K)5 shows an exterior view of the machinery as ii appears 
in reality. Kome years ,ago a ri-eylinder hOO-H.l'. engine was in¬ 
stalled in an English training-ship for experimental jmrpoSes. The 
engine in question was st.arted liy means of the ignition of a gas 
mixture «nolosed in the cylinder. 







CHAPTER III. 

oIl-engines. 

The "icat advantages offered by combustion engines become, in 
some cases, .*ill more ap|iarent when liquid Inel is used instead of 
solid. Thft is es|)ecrally the case with smaller engines,'and with s«ch 
as are used very irreenUrlv, and, above all, those which arc not 
stationary. Oil is simpler and cleaner to handle than coal, and there 
is no need tor jirodneers with scniWiers. Jhis .simplilies tlur attend¬ 
ance, and lunch spars' is otten gaiiK'd, On the other hand, oil-engines, 
as a ride, present greater dilliciillies in respect to good combustion 
an(i*lourless exhanst gases than gas-i'iigines, as .soon as it is a question 
of employing cheap, or ri'lativelv cheaii, oils. 

In the ca.se of oil-engines the ]irodiicer of the gas-engine iiiiist, 
of course, be replaced bv somelll'ng else, lint it cannot be entirety 
dispensed with. The fiiielv diwding and the mixing ofjhiifiiel with 
the combustion air takes place, for the most part, in mrhurctU’r^hf 
jiflpori.'.cr.s, %s well as b\*the hel)i of conqiressed air. w4nle its introduc- . 
’lion into tli?air t^kes plai'c by (Hie suction of the 
engine-piston, or else the fuel is |iressed direct into the cng,ine, and is 
finely divided by the help of o/f-/w»i/w or niiiiprcsscil air. 

I. ACCESSORIES. 

Carburetters. 

With engines operatyvt on oils that can be vojiorised coihparM.ively 
easily such as iietrol, alcofiol, and benzol, «ii attempt is generally 
made’to divide tfie.liquid finely or to fapojise it entirely. The 
liquid, or the vapour, is then mixed as wq)l as ]iossible w'it.h the com¬ 
bustion ,air. The apparatus wliicdi is employed fjr the i^odiietion 
of combustible gaj mixtures is ‘called a Arbiiretter, A distinstion 
is made between mrfare-carburdtersjni s fmiy cuThuretters. 

With the former the air is conducted through the fuel, or use is 
made of wicks, or. the like, in order to reiidel’a good vaporising 
possible, and, at the.same time, to satiyate the iir with the vapoSsed 
fuel The apparatus, which is based on vaporfsinS pure and simple, 
is being less and less used, altkbugh every iio*v and-then some new 
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desif;)! is ititrndiic.od into tlic iniirket with :i };i<'at Houriah of trumpets, 
the last occasion l',''iii,n in connection with benzol. Their Greatest fault 
is tliat only tlie easily vajiorisable substances in the fuel are carried 
oil liy the air. while the heavier remain. This is the case with petrol;' 
even, which, in other lespects, is an ideal fuel. They also increa.se the' 
suction resistaiice of the enuini' in a liiyh (leyree, the result of which 
i.s' that a. less amount of the yas uiixture is sucked in, and that the 
jiower ol t 111' engine is thus dieiiiiisbed. Finally, their power of 
regulation is very poor, and tlieir weiylif. and volume !fT'c often pretty 
consolerable, / 

With snriii/ rdijinrcllcri on lhi‘ other hand, the fuel is introduced 
throtiyh a fine iiozzh' into the an. u liere it is afterwards linely divided 


and mi.xed. .\ vapoiisalion of 
the lighter substances only is, 
therelore, prcvente^l. 

Kiy. IDtiiihows a c:iv- 

liurettin somewhat, altered. The 
chanilxT ’A is kept, filled with 
petrol, which enters at B and 
[lasses the bole C. The. level of 
the li(|uid is regulated by the. 
Iloal F and the valve V. ^ This 
takes place as lollows: The boat 
F IS made of cork covered with 
shellac It. can thus float in the 
)iet.rol. The float' is [iivoted 
around the (iin D, and at its 
of her end,'’ai ries the needle-valve 
V. Whej[..t.,',v,'..'.yf,'ih"?! the [letrol. 
sinks, the float siiivs with it, *'.nd 



t hus lifts the valve. The petrol 
then strea,m.s in from tlii' tank which lies above it.; but. with a rising 
level of the [let.rol, the float, too, rises, until the needle-valveV strikes 
against its seat. The admission of petrol is thereliy cut olT. In a, short 
time the b'vel of the petrol, has sunk so much that the float once more 
moves downwards. The valve i.'t^then o|iened, the [letrol*.streams in 
again,'ahd'uhe float rises, etc. As, by means of this construction, a very 
sensitive float iind valve ap|raral.UK can llr' oirtained, the jietrol can be 
kcjit at practically a constant level. At the oriFce M begins the inlet- 
pipe of the eligine. Tturing f he suction st roke a vacuum arises, in which 
process thi' air streams in through the inlet t and ru.she.s with great 
speyd [last the pi'trol no/.zle E. Tiie vacuum at this point usually 
amounts to 12-1() inchi's water-column. On account of the difference 


in pressure to wdiich the [letrol \ thus e.xjiosed, the jietrol spurts out 
through the nozzle 'S and is carried along* by the air which rushes 
in'•'-hroiigh L. ThiS|air, on its wav to M, is suihlenly compelled to 
alter its directioi., here.liy contributing to a better mixing of the 
petrol with the .xir. >)n it.s way to tw engine throiigh the carlmretter 
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AN'INTRODUGTION TO THE DESIGN OF EEAMSr 

GIRDERS, ^ANO COLUMNS IN MACHINES AND STRUCTUmlo, 

With Examples in Graphic Statics 

By WILLIAM II. ATIIKRTON, M.So., M.I.Mech.E. 

(k)NTRNTS—lntroiluc1.ory. - .Vjtplied Fore<‘s;ind KenctioU'' - iMjuilibinim oiji Iteani — 
Ij^xeas, Strain, and ‘ dasticity Strength ot Beetaiigiilar Beams Apiilieatinfls.—^oll- 
rectangilfsir Beams —Shearing Act iDii in Bi'iiiiih -j,l)iagi-amhot Slie.iring Forec and Bending 
Moment Strength of Boiled Joists - Moment of Ineil.ia. .Numerieal Applieations"- 
Expenm.'utb oiDBiiamb---l)etli‘ction of Beams.—'l'y|ies of (firders.— Braced Girdei.— 
Stress pmgruiHi—Stn rigtli of Columns—I ndex. • 
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Second Edition, HrKaUn Enlarged. /*/‘*i-xiv + 3It(i. WdE FrontiHjktcey 
0 12 Plate'ly and 279 oOipt Illufitrations. 21.s. net. 

THE PRINCIPLES AND CONSTRUCTION OF 

MACrt’INERY 

(STEAM AND WATER PRESSURE). 

Practical IlluBtratioiiB of Enoines andaPniupa applied to Mii«NO,» 
Town Water Supply, DBAiNA<fl! of Lands, &c., also Economy 
and Efficiency Trials of Pumping Machinery. 

'B^^ENHY DAVf;Y^ H.Inst.C.E., M.Inst.Mbch.E., &c. 

Contents — Early History of Puinpinf? Engines—HteamShimping Engine^ 
lumps and Pump Valves—GenAal Principles of Non-^tative Fumpmj^ 
Eogines—The Cornish Engine, Simple and Compound—Tjjies of Mining 
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MODERH POfiPINfr AM HYD,RADL 1 C MACHIBM. 

By EDWARD BUTLER, M.I.Meoii.K. 

'S-lnlBKluctotVRemarks.—Early llmct-aetiiil Btiaiii Pumping 1%iglnes..T, 
s Pumi>iiig*Eiiiiin»i, HotJiry Plass. -W jt.nvorks Piuuimig ll*!h»s,•Direct- 
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Anplianw*?^tor*Bai 3 mg' IVtrolcum troni ’A]t''smii*oi BtirdiioTe Wrlls—Jloilrr-fi'i'd and 
General Service Puiniia. --injectors. Pumps, ami Bii ctors. acmini and Umdenaw 
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“Tljl#work l8 rveritabli#l’ncyclopH-dia 
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anil Stations.—'I’hc I’.m; of Watcr-Vower. Alain Drainage - .Seuanc Disposal - Royal 
Commission on Scuatre Dis]>ysal Salford ScMa^c Works-Hanitatiuii, llonst* Diainase 
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THE MAIN DRAINAGE OF TOWNo. 


^ )>v K. NOFL 1'A^ LOK, ('ivi! iMionioot. 

Contents.—M aps, Rians, Sections, and i’relmmiary CoiiKidcrations--Rniiciplcs 
Hydraulics and Hyilrostatics.—Calculations in reference to Dcsitin of Sewagi' Wofjca.Jl 
Pwctical ConstnictionjlTciiches, and 'J’unnelfl.-- Rorriis of Sewers.—VentihvtionH^ aewers. 
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* “CO^BNTS.—Some AltA'niative Methods of Refuse Disposal.—ReprosentMive Typei 
of British Dcttrnctors.--Systems of CharKinR Dcstnictors.—Destmetors combined with 
Sewage Works.—With Electricity Works.—Refwic Destruction lu IJ.jv.—Site—Specifl* 
Qtttlons.—Design and Operation.—Operative Costs.—Residuals.—Foreign and ColODlal 
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WORKING OK MADltNE MAOHi'KKKV. 

By A. E. SEATON, ifIT.C.E., ^.I.Jlpch.E., M.l.N.A. 
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tolts - Pistons ami Uods,- (‘oniiectiiig-Uods - Slialting--Thrust J’.loeks - St?rn Tubes. 
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(.'ONTRji’Tt? i*art 1. (I'uf! Engtnfs- (Icnc#.! Doscriptioii of tin' Action'and Parts ot 
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hibtiill.atioiis—^.'(eduetioji Factors.- iNliKX * 
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of Wot^^^t^harles’s J.aw.— \bsi)lute Zero — Ailiiibatic Expansion - Heat ^i^ngines, 
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i motive Engine, Injector^ C'onuKmiiding. Dlficiency, etc—AprKNXUCKs#-lNDEX. 
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rv , AN ELEMENTARY MANUAL OP 


HEAT ENGINES: , 9 TEAM, GAS AND OIL. 

Specially arranged for It'irist Vcar StiWonts iindor all Jioaid:^ (5i Education, 
Eity and (luiltls of London In.stitute, (loLmial and other Engineering 
}^audc4t^. 

AimiD^i'ni (!oN’t'V?.rs.- Elcmontnry Mcnaiiratinn.—Wcitrhts and .Mensuro^ —Tlicr- 
momtdry.—Heat.—Kva]torition -lilmllition — Work -^grisxiiTi- .ind ’IVjnpeiatiire of 
Steam— J'mpi'rties of Gaaos* 'J’ln; Vurts of a Steam ifnmne—Valves and their Setting. 
—Imlicators —Single and (Jompound JCukiul's -DeLiiN. jf Iinguu“^ - -Vnlveti and Fittings. 
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motlves.—Turbines.—Gas Engines Oi! Engines —Apri’.Ni)iO};s.---lNUDX. 
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Tenth Enmo^f, Thoroughly Revised and Enlarged! Pp. i-xix-i 452. li.s. GtL 
AN ELEMENTARY' MANUAL OF 
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^ Abridukd Contents.--F orce -Matter.—Scafr and Vector GuautitK'.s —M’ork. Tlnyia 
of Work.—Monitfit of a Force, CoujiUs. etc, etc.—Practical Appliaitions of the Lover, 
7kilanoe|etc.. ete--'J'lio Pnnciph' of Work. Work ]<ost, Uarful Work — Pullevf, tBiocka, 
etc.. etr—WJim and Compound .Vie—Graphic Demonstration of Thiee Forma in 
Equiljfirium -^(Tanes. - Itu’lined Planes - Fnctiorf. - Bearinga—Driving Belts.—Wln<di 
or Crab.—Jib Criinea —Screws, .‘Spiral, Helix, etc.—WJiitworth Standard.—Backlaali in 
£-Wlieel *md Sit-cw Gearings —Jiliidless Screw and Worm WJieel, e5^' -Scrcw-Ciittl*^ Lathe. 
—rfyairaiillcs, - IJydr.ufie uraoliincs.—Motion and Velocity—Knen;^’—Prppcrtn's of 
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—Ke\e 5 sisK Motions.—Measuring Tools. Janiit Gauges.—.\PPF^pi(’RS.—l.'fDEX. 
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Eighth Edition, Thoroughly Revitied and Enlarged. P]> i-xv4-3§8. 
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—Linos of Force —Moleculat Theorf »i Mugneti.sation.—Magnetic Induction.-f Tho liartli 
^as a Magnet—Mariners’ Compass^--Units of Measurement—Electrical Dnits.—Eloctro* 
e Magnetism.—Magnetic Field duo to a (kiirentc-Solenoid.—Galvanometers.—Polarity 
due tx, Current —Magnetisation iiy Elcctrn^ Current.—Electro-dynamics.-Klcotro- 
magneth' ImDiot^m.-AHinTs Law —l‘niriary Butteries.—Condiictora and Iteslstanoe.—»- 
Polarisation of a cell.—Jilectrolysi*i—Static Elcctricityv—Positive and Negative Eloctrl- 
} fleaMon.—Conduct irs and Ii^ulators.—Induction.—Cl^ges on a Surface.—Frictiomil 
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In Five Volumes Lar^e (’rown SvtV Each quite complete in itself, 
and sold separately • , p * • 

A TEXT-BOOK O^’ 

A P P L I E D “M E OH A N I C ^ 

AND MECHANICAL ENGINEERING. 

■Specially arranged for the use of Eng.Wo{!rs qualifying for the Institute 
of Civ# Enginc'ers, the Diploiifts and Dogrv’ea (»f Technical Colleges 
and Ihiivorsities, Advanced Science CertiiicatcH of British anti (Colonial 
Hoards of Education, and Honours ('certificates of the (^tj and|(>uilds 
* of London Institute, in Mechanical Enyineering^ and for ^Erfgincers 
generally. __ 

'Volume I. Ninth Editio}^R evised and Enlarged. Pp. i-xviii -f 4(^. 6s. 

MECHANlbs. 

eoNTFNTS—llofimtions ot Matter and Work.—Dincruma of Work.—Moments and 
Couptei—Principle of Work appln’d to Maclimi-s.—Friction of Plane Surfaces - FricUon 
•of Oylimlrical Hurfaoo*i|i)d Sliijis —Work absorbed by Friclidh m Heiuintr-s. etc.—FrioJion 
%Rfiilly applied by Hrakes, and •)viiamom‘'lm •—Inolmo* Plane and .Screws. 

—Velocity aiNi Accoleiatioii. -Motioii and l‘',iier;:y.—Knerfjy of llotirtion and <'entrlfii?al 
Forre.-*r»ENi)iCKfi.—iNbKX. • 

^ “ Indispensable to all stiideiit^ of cn^ftieeruiy ” StcaniKhip. 

Volume IJ. EioutuEiutjon, HevisethamlEnlargcd. Pp. i-xviiiH 1>14. 5a. 

STRENGTH OF MATERIALS., 

• IPONTENTS.—Stress and Strain, ami Bodies imdor Tension- Strength of Beams and 

<}lrd|Hi^jie()cotion of Bavins and (lirdcrs —Strength of Shafts.—Strength and Klastlcity 
of Matermis.—Testing.--Stress-Strain Diagrams lund lilastieity ^>f .Materials.—Stre^h 
and lilastlcity of (Johimns.—APTKKTiKjEK — iNUF.x. • • 

• " The author is to be congratulaU* upon the care he bestows in keeping hi« worl^ 
ifystemai^'callyinp to date.”—/*?rtrtir;f/ 

• • ------ 

VciLUME III. Eightji J'Idition, Thoroughly RcviseiT 
Rp. i-xviii + 260. Ss. , 

THEORY OF STRUCTyRES*. 

Contents •'Framed Stnictures— Roc^ FTanicB.—l>el\cient rmm 
"nd Girders*- -Ai’i*Kit!;tjPES.~I ndex. 


^mcs.—Cranes.—Beams 


' We lieartily recommend (his l>ook 


^ A'olumf IV. Eighth Edition, RcviCd. Pp. i-xvi ■ 

• HYISRAULICS. 

Contents.—H ydrostatics -^Hydraulic Machine!*.— Klbckmcy of Machines.—ftyd#l^lio 
.Appliances in Gas Works.—llydrokinetics.—WatA Wheels and Turbim&^-Refrigeratmg 
Machinery and Pneumatic Tools.—APiiiNDiCKs.—I ndex. 


324. 
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Volume V. {lioifrn Edition, Rovii^'l. Pp i-xx i 526. ^ 

TJ^£:omr of' nfACHXiffES. 

Ck^tTENTs.—Loci aniW^iut PaUis.*-Kinciiuitle Pairs, Links, Chains, etiL—Cranks 
and Parattel Motions -'Cnalns and Peaucellier al'fthanisms, etc.—Kinematics, Centres, 
■. “ ’ lisuii.—hf’vei 
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^lAST IKON, in the Light of Recent Reseaich. W. I1 athi.i it. tox. 6d. net. 

* iMrr^LL'IC AILOYS. (:.n.(ii:iiivER. ios.6ci.net. * ^ 

MICROSCOPIC ANALYSIS of MUTALS. /).smonj> and Steal. ?r,.^6d. net. 
TEXT-BO'oT of ASSAYING. T- ond C. Blbincfi!. 10 * 6d. 
METALLURGICAL ANALYSIS aVd ASSAYING. Maclfoii and WAi.KtR. 

I as. 6d. net. 

^UA^TIXATIVE METALLDRtilCAI. ANALYSIS MBLEs! J. J. Morgan. 

‘ ClECTRIC SilftLTING. IIoecuers and McMiu.an. 21 s. nei. 
',ELECTRO,iilETALLURGY.* McMulan .and Cooi er. «i 2 s. (id. net. 
fiNTRODCCTKAt to PRACTICAL METALLUROV. ,jt TuiAiiK. ,;n. net. 
ELEMENT^ARV METALLURGY. A. II. Saxiox. (A* 

GENERAL FOUNDRY PRACTIC,?.* .McWiLtiAM and LoNr..wiiiR. i 5 *s. net. 
LCtrURES on IRONFOUNDINO. T. TuKNJil. ys. 6d. i.;i. 

BLAST FURNACftPRACTICE. j..I. Morgan, .n, 6d.net. , 

M)TE^ on FOUN|RY PRAfi'^ICE. J.^J. Morga^ 2 s,. 6(l,,^net. 

i .i^lso Works <Sn Petroteum.J 
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8 Bt' 0 ND EDiTiON*RevtkJd Throu^out. In Medium 8 *o? With 

Plates, Maps, and Illustrauftns. ,.pif i xxi^ + 4S0,* 218 . nef # 

CYANIDJNG GOLD & SlUfER ORES. 

A Practical Treatise on thg^CySnide ProcesI; its Application^. 
Methods of Workin^Desiga and,Construction of 
Plant, and Costs. 

By H. FORBE^ULIAN, 

Miiinigand MeUllartrical Ent^lnfcr; Hiteciftlist p (lold. Laitt Technical Adviaer of the 
Dentaclie Ooid uiid Hilbor Schelde AiiistaU. Frankfort au-Uame. 

And EDGAR sSlART, A.M.T.O.E., 

Civil and MeUlluiKical EiiKhicer. 

•OONTLN'l'S.—V^arly History of the CymiKlc J'rodhs--i’DliimnarypH^fstiAtioiHi.-- 
(jrusIiiiiK.—WeiglmiK ami Mctisuring —i’t rcolaiion and l^t ac-liifig.—Frmcipi'H Tnvolvcd 
in idibsoiulion and I’noiidtfttn^ of .Metals. -Di'^stoiutiou of iiie Cold and Silver—Tom* 
perat.ure iiflorts- Al»son>tion oTAir by Solutions. AutioH of Various ('yaiiidc Solutions. 
•—Sources of Loss of Cyanide ^ I’reeijutRtion.- rreciiuUttioii l»j Ziniv- lOlcctrioal Pre- 
*cipitation.—Other Methods ot Precipitation (^'k'aiiin"-\i|), Itelinmg, and Smi^tlng.— 
Applications of the Cyanitle rnice.ss.—Double Treatment. - Direct Treatment of Dry 
Cra^it#Ore.—Crusluiig witli I'yanule Solution - Slimes.—l»isso!vim’ the Cold and Silver 
in Slinic’s—Extraction by SnccesM\e V\ashiiigs Agil^ition and Laturul Settlement.— 

, Filter#Vrcfises. - Va^—Essentia! Farts of a (^yaunle Flaiit (Constnictiun).—Piping, 
^ocks. J/uiudcrs, anTSki^ldmgs.- Handling .MatiiTal.^lt(^»* nnd,(Joai-s for llaiifagc % 
—Ik'lt Conveyors—tuiff^ -Sjnty.lutte fiid Spitzka.sten Cost ol Plant.—Cost of 
Trc‘atfii>;:’.^.--^uipl<‘te riauts--lloaHting - Index. • 

“A handsome volume of 4iX* pages Mthich will he a vahialde book of reference for all* 
HsMBiated with the procesa.” -Mitiinq Jouinal. 


Fimt English Edition. In Large Crown Hxo. With 22^Males und 
• many lUuKtratioiis in Uio 'loxt. HaiuUomc Clolh, Pji. i-xiv + 347. 
fliiyid. net. t 

•THE CTAKIDE PROCESS OF COLD 'EXTRACTlOlUJ 

• Text-Book for the Use of Metallurgists and Students fit 
Schools of Mines, dc. • ^ i 

By J^MES park, RG.S., M.Tns'^M.M., * 

I’rofefcor of MinlnK Snd Director of the Otago University Scluml of MinA; lattf DireeiJ^a • 
^'hamli School of Mines, and Oeological Surveyor anrWining Geologist ^ 

• to the Governwient of New Zealand.” ' 

% # y ^ r . ** • . 

4’ltorougl)ly RcviHC<l and (Jroatly Kiilar^'ff: With additional details 
concerning the iSieinens-Halske iiimoVhvv rccoiit jiroccBsos. 

. •c%NT»NTS. —The McAiihiir-rorrest Process.—Chemistry of tlic Process.—Lalioratory 
' Experiments.--Contwl, Testing, and Analysis of iikiliitions.—Appliances and Plant for 
Cj^nide Extraction.—Actual^Extrac.tum by Cyjiuide—Production and TteatmoiA ofa 
Sliinea.—Cyanide Treatment of Concentrates. -Lacliiiig by Agitation. -Zinc mmpi- 
tation .and TTeatrnent of Gold Slimes - Applicatati of the. Process in Diliejiint C/OUiitrles.—# • ' 
The Siemetis-Halske Pnjceas —Other Cyanide Processes.- -Antidotes lor Cyanide i^ilaon- , 
ing.—I ndex. ^ ' \ % 

"Deserves to lie racked a^ainoiigst the BESToK^lS'nNGTREATiSEe."-^t»jl^ 1 ij^JoMr»ui{.|* 


^ Grown 8v(# HandsoAe Clot^^ Pp. i-vii -i 63. Ss.tiot. 

A BIBLIOGRAPHY. Ol^ THE 

. JIIINERAL •WEALTH* AND GEOLOGY OF CHINA, • 

B^C. Y. WANG, M.A.,J>(Sc., M. Am.lust,Min.Kng.pMfl-roif&SfteelInst.. 

OoNTKSTS.—Ml^RAijS (including Mining and Mot«i)urcy).—CoR.--Iron.—Gcdd ands 
Bilver.-f-Mlneiala GEi^l.—Mlniiig It%netry in Genital.—GI owgy.—G eneral— 
Pfttirokfe.—I’alijontolt^y. ^ ^ V * 
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'GEIF^llf’S METALLtTBaiCAl, SEEIBS. 

,1 , % ♦ t; _ 

Foubth Edition, Tljoroughiy Revises/* Throxighcmt. With 51 Folding 
Plates, ConiprishV-T 112 Figures, over 500 Illustrations in tljo Text, 
and nearly 80 C*lH)to-Mi(;rogiJtj)lis of Stool Section's. Large 8vo. 
Two Volumes. I ti aU 1000 pages.'^^andsoine Cloth. 36s. not. 
With Additional Chapter on The Electric Smelting of Steel. 

,Tir£ METALE'SRGY OF STEEL, 

Ky F. W. HARBOKD,“ Assoc.R-S.M, F.I.C., 


• Aj*!' J- W. HALL, A.M.Inst.O.E. 

Vol.' I.—Metallurgy. , 

Vol. Il.-CVIechanical T^atment. 

(^V. 7 >’.— jfVo w’ are ‘not Sola St'jKirati’h/.) 

AlJKll)0F]> OtiNTFN’Ts —'J’lic J’liiHt, Macliinerv, Mel hods and (’Jiciiu>,l.r.v of the HesscnuT 
and of the Open Ih'iirth I'fo('esf.e.s (Arid am) Ihibii-) -’['lie iiillueiiee of JJeUlIoiif., Heat 
'J'reatmnnt, S|*eciiil f^teelH, Microstriu tnn-, 'I’estni^, ami Specilicatiotis. The .Mecluinieal 
'JTejJtnienl of Steel eoinpribii^" Mill )*raetn e, riant uml Mathinery. t 

The* Bn<rtn<wBayfl, atfthe conclu»u^. of a review %,,* ttiiB book - " ,oniot conclude without'I 
earneetlv recouimeiKlnc all who may be iiiteieBU-d im niaken. oi usem of hieel, practically 

meauB the whole ot the ejifcneei ini^ profeaHion, to make theniacIveH acquainted with it Msa iBdlly 
vs poBalble, and thia may he the more oatnly done .os,the puhlislied pi ice. coiiHideniil^ie aise 
of Hie book, ib extrenialy modciate " 


Tiiikp Edition, Revised and Etilaroed. Pp. i-xvi i-463. \Vitli 
*.< J’20 Illustrations. His. net. 

THE. ME.TAIMRGY OF, IRM. 

--By THOMAS TURNER Assoc.R.S.M., F.I.C.,^ ' 

kErofevor of Metallurgy in the Unii'ersiti/ of Birmingham. * * 
fl^»<rarConia»f*.—Early History of ffon —Mocleru^^IiHtory of Iron —The Age of Steel 
Chief A'on Ores.—Freparaiion of Iron Orea —The Blast Furnace.—The Air used in the 
» BlMt Furnace.— ReActions of the Blast Furnace —The Oaa(‘ou8 i fco ducta of tbe^Blaat 
CFurnaM-^he Fuel used *u the Blast Furnace.-SlHgs and Fuxes of Iron SmeltTng.- 
Propefuea of Oast Iron J Foundry Practice. — Wrought Iron — IndirectProdtfetion of 
Wrought Iron —The PudJling ProoesH —Further^Treatmeot of Wrought IroJ—Corrosion 
of Iron an<i fiMeet. * 

“A THOROUGHLY USEFUL BOOK wllich blitlgS the subject up TO PATE. Of 
GREAT TALUS to tliose engaged in tlV iron industry.”— Journal, 

— - - » # 
\*For Professor Turner’s "Lectures on iron-A'o«nf/p?£f” &c.. see page 67 
iiaialoyuf.. w • 

*ln Medium ^^'o. Handsome Cloth. With 160 Illustrations. I6 m. tiet. 

oTiie Sampling & Assay of the Preoiojis Metals: 

* Coiirprlftii(.aold, Sllsu^nH rtaUnum, in Orel, ikilfion tnil P(odaclt. 

lU’ KRNES'I' A. SMITH, • 

I>ep«ty AssSy Master of the .siu-ftiold*^bay OlHcc , Late of tli^oyjil School d .Mines. 

CONTENTS. --Iiitrotluc‘tioii -*'J»cRie*, and Eiiuipinent of Assay Offices —Fiininces and 
.^rfyiauces.—Precious .Meta) Ores.- Valuation of Orfc.—Sanipliiigjif Ores.—I'reparatiou 
of Samples for A 8 .sny.—Mii.\,c 8 and Piniciples of KiftLing — .Vssay Oimratioiis—<ti)Koa 9 t- 
iiig ; d>) Fusion i(c)to 5 r|dcatioii: (f/)(;upellation.~s>Bte,niK of Working.—.Assay of dtHd 
and Silver Ores.—fu Co?ni>lcx Drcse-Ualculating aud^eportiiig RAults.—Special 
Methods of Ore Asflly. -Bnllion^--Valuatlon of Bullion, smtipllng,^Bullion.—Assay 
of (Jolff, Silver, aiHlTBiisc itillion.- -Of Aiiii^ruus and ArK^ti|2rouW*rodHct8.-yABiay 
Work in Cyanide Jiill—PJatiimra ami tls' “Platltium Mlials.”—Assay of Platiunm 
in Ores, Bullion ana Producte.-Ai'i’BNi)JCEs.--lNnKX. • 

^ “ Unlnuc . . . the llfcAc should he added to the Mining Englnfer’s Lilwaty.''—f 

M iaiirig ^orld. » ^ 
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In Mwliuni Svu. • Han^-ome (Jlotli. Pii. i-xll+» With lllj^atos (2 (ia#i|ip(U, 
atltf BO other I^jstratioiis^ lOs. 6 ^. nit 

LECTURCe ON * 

MODERN COPPER ^MEEXINO 

]?v DONALD M. LErV, M.Sn.. A.iLS.M., 

ABsUtant Lecturer in MffaUurgy ^nivcrsUy o( Birmingliam. 

ABKlD'iED CONTiiNTS.—Historical.- - I’rlcc an 1 (^)st of Production and Statistics.— 
Uses oi Copper as Metal and Alloy.—KllVct ot n|ipuritic 8 - -Compounds.— 
limuiary Treatment.- - Sam[)Hn«.—Conccntratlouf^'nnciples of Copper Smelting.— 
Sintering.--]? everberatory Smelting l»nietie<‘.-jKlast Furnace Practiee.—Bessemonsmg 
of CopiHT .Mattes. -Purification and defining olX‘ru<le Copper.- (-astmg —INPKX. 

“ A w'leomo addition to existing literature on the subject " -('hmical Tra<k Journal. 


iiiiii !<vo. Hainlsoini' < loili I’p. i-xiii + wii 
llliistuilioiis, inelmlnig nmiiy I’lioto-Mii'iDgraphs 


III FioiiUsi^eie i^d 

ffi. ncl 9 


c Asrr 

-ICHT OF 


rr IRON 

THE LICrfT OF R r%C E N T RfSEAROiH. 

Hv W. If. flATFIKLI). A.M.l.Meoh.K. 


CoKTKNTS—iNTHOPl’OTiON - 'I'lio Noii-Ciirboii Alloys aud (!ast lri)n from tlic Stand- 
^point of tile KquiliM\iin Diagram—Inlluence of Silicmi.—^JfcPliosnluirus - Df Snlmiur. 
^-Df Man''iinesc- Fletiients--* (laslang TriiijicruUiie.-SShniikiigc and Con- 

tractUy* —"tJfowtli of Cast Iron iimltT Kejxatcd He.itings.- Flli-ct #f Superheated Steam 
upoi*att-irun Fittings -Malleiilde Cast Iron - Heat Tn-atment of CustiIrou.--l)e- 
k Cttcliurisatton of Cast Imn without fuMur Fusion - Meeliaiiical Proiierties of Cast antr 
Miffleable Cast Iron. FuTnaees and Slags. - AlTl'.NmeKS.--iN'PK.x. ^ ^ 

“A valuable addition to Grimn’s aoted metallurgical publications.”—il/ining 

*KniTfoN. Jii Crown 8vo. Ha|)<fsonio Cloth. P}>. xxvii-f-409. 
^f^roiiglilx' Hevised and very grea^' Fnlargcd^ Witli many New,, 
and in all 8l(f Illustration^ 10s. Gd. net. 

A HANDBOOK ON 

METALI-IC* AL I >0 k S : 

J(ielp Structure and Constitutiom 
Bv.CTLBEUT H. GULLTVEK, JBfjo., F.R.S.E.* 

CONTEXTS --M^liods oi Tmestigafion.--'I'he^^ysieo-Choiniejil I'iititiMbrium of 
Mix< il Substances - - Binary Alloys in which no l)i*JJ^.e (’hemical Compoumls ate fomed. 

— i)() which show Kvidencc ol the Formuiuin owetimte Chemical Componudb. —iw s- 
fUliitKtfi's in I’oniplch'ly Solid 31etalR- AlloyC—I'himlihrium (Conditions in Metollio 
' MixUircT-Tlie Stmetures of MetaU and Alloys--Th<‘ llronzes, Bras.scs, and othop 
jUloy^ bf Copper.--steel and other Alloys of Iron. - Alloys of more than 1 \vo^ Metms.—^ 
^c Mieroseopc in Fnginecrillh Practice.- -Index. 

This buoU offers most exhaiistivi' inlormntRin, and is profusely illiftnited.”—< 
Indvsiry. _^ ^ 

Ski’OND EinT)t)N, T^iroughly Htivisei^. I’p i-xviiJivjJh 1115 { 
PhotO-Mierogmfhs, Diugnuns, and liwfWes. S(?. Gd. net 

fH£ MICReSCOPltf AN 4 JLYSJS OF METALS. 

By FLORl.^ OSMONISand .1. K. ^iTFAl), D.Mur., F.R.S. 
Rkvised asii CdUhECTun ii\ L. 1’. SYllNHY. , 

CO-UTESTS.—Part I. MiHuloitraphy (ionsiilrrSl as a Method Mf AMy.—mi It 
Thc^Scirnci! of k»llshi«.j-l'Al!T ill. Tli MirroscoTlc i^utysislM (arUon afajols,.*. 
ArrEK'ICES.— INDEX. _*_Yj_ 

I^iT^A^^RlFFIN & C0._, LTD.. EXbIeR STREET, STRAND. 
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'TkiI^d'UjDITION, Ili^ronglily Kevised, Enlarged, ijpd Rd'set Throughout. 

^ Throe Vtlii.nep,* with I'^aluable^'Libliography, New Maps, 
Ulusirations, &c. 50s. not. 

in' jc'fTlIRSE: "vOI.IIMES. 

•>A TREA'TI^E ON 

‘ Bv SIK BOVlsfeoN KEDWOOD, Bart., 

D So , F.U S B VA8 »oo.)kot.O.E., F.I.O 

CoNT*!NTs —Seoi'Jon I.; Historical Accoiifctof the Petroleum Industry.-^ Skction II.: 
"Geological and Geographical Histrihntion of Petroleum and Natural Gaa.—S ection III.: 
The Chemical and Physical Properties of Petroleum and Natural Gas. -Sectu>n IV.; 
The OrifU) of.^Petroleuin ami Natmal Gas.—S ection V.;'J’he Production of Petroleum, 
NaturaMJa^ aiidVi7.fpke^;’te.—S ection VI.: 'Jlie Keflnlng of Petroleum —Section Vll.: 
The Shale Oil and Allied'Tiidiistrle.s - Section VIII. : The Transport, Storage, and Dis- 
tnbution of Petroleum -Sect^nIX. : The resting of (’£mle Potroieum, Petroleum and 
Shale Oil Products, Ozokerite, and Asphalt.—.S ection X.: The I'scs of Petrolemii and 
its Products.—S ection XI : .Statutory^.Municijial, amn jtlier ilegulatioiia relating to 
the TAting, Storage^ ITaiisport, aiuFl'se of Petroleum and its Products.—HiBLio-* 
OBAPHY.—A1>J*END1CKS.—INKKX. ^ 

“It is iiiOispiitivhlv the ionipivhcuhive and couiplote tu'jitlsc on petioleuni. .iinl tins 
statement is true, no nintler on what laaticli of the imhmtrv a test of ith luerits ts made It is 
the only hook in existence t^ives tlie oil iiiiui ti cli-ai and rchahle imf.' iic of the growth and * 
“iiresent-day eonditioiPol the entire*,ie(.i’<»leniii Tliej><"f^iv wonderfully eoDipletilte 

'Collection of platehanr^tlliistrations yVfrtdeio/ilftir/d, ^ 

V -- ■' 

'* Tniiii) Edition, llcvmed. J*p. ^1-10. IVui'^s. 6tl. not. 


A HANDBOOK ON PETROLEUM. 

F0R*^NSPEGT0RS UNDER THE PETROLEUM ACTS, 

'And for those engaged in the Stor^jfe, Transport, Distribution, and Indiis^ial 
Use of Petroleum and its Ppjfiucts, and of Calcium Carbide. WllH 
V suggestions oli the Constraction and Use of Mineral Oil Lamps. 

iiY -captain j. h.'thomson, 

4 ^ H.M. (^lnof IiiBiK'ctor of ExplosiveB 

ixiA SIR BOVERTON RHtDW'OOT), Bart.. 

4i 

1 RKV.SE]» tK.IGPf A. COOPER-KEV AND Sill HOVEKlIiN KEDWOODr- 

C(#iTKNTs.—IlltroducA'r.^•- Source's <>f Supply. Pryducti")!, licttnit.^ eW.—Goui- 
mercial Pi<Kliict.s.—FlasirPoint nm! l‘'iH'T(‘st.*»-Te.stiiig. - Legishiticm.- nvcautiims.— 
•Oil lianipw.—t'akium Carbide.—INDEX t, « 

wev'd's isitroleiiin literature, and render a service to the 
. \ Reliable, nidispeiiaablo, a brilliant ooutribijtiou."— 


British branch of the iinluBtry 
Petroleum. 


• # 


Strongly BduikI in Leather. Eulljf Illustrated. ^ 

JHt PET50LEUM TECKNOLOGIST’S POCKET BOOK. 


Tn Pocket Size. 


I^ SIR BOVKR^ON REDWOOD, Bart., D.Sc., &c., 
ivl^ARTHUR EASl’LAKE, M.I.M.E., I.Jtech.E., &c. 


t • .— ■»' 

Synopsis op Co'ntknts. -api*.T 1. 


General Infonnatfon 


•a about Petroleum (Origin, 

Occurrence Prospwting, acquiring Land, Paismn, Storage, %(^iilng, etc.). PaetoII. ; 
O^logical fldentvllcation ol Kockn, A«i^' of llip, Maps, Oil-bming Ari'iis, Oii^ier acre, 
liltumcus, etc.). Part. 111.: rhysu^l and Chemical (Specific Gravity, Analysis of Gas, 
^fScometiy, Calorific Value, Plash Point, Distillati%a, Candle Power, etc., etc,). Part 
: Production (Drilling, Casing, Water, Raisln^^Oil, Plugging,•Cost of Drilling, etc., 
etc.). PawV. ; Stojageiiiid Transfiort (Tanks, Flow of GasmlMpos, Pipe Lines, Puro^u#, 
Bailway Cars, KaiTePfetti>, etc.). Parj VI.: UsesfLiquiiteuel, AirrequiWid, OlIEi^flPM, 
Natural Gas, Asphaii., etc ), Part VlT. : Weights and Mmsui ■’•••• • 

PART VIll : Miscejfancom^andlxlossariea. jI*AKT JX.: Crudi 
igrodootion, Aspha^, Oil Shale, Ozokerit/C, I^turu l Gas). ! ■ 


iures (English and Foreign}, 
etf^um (Stati^os of ‘ 
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Griffinis Li^ai GovqriuneDt H^dbo^. 

WORKS SUITABLE F(» MUNICIPAL |VNi) COUNTY 
•ENGINEERS, ANAIJi'STS, ANb^O^HERS. 

For further partioiBIlrs of the following, see Index. 

__ • 

Civil Engineering Practice. iJy F,ajlIoEL Ta\ i.ok. With 

h4;e8 and ovei I,ih) 0 [lluKUiitioiis. lut. 

The Main Drainage of Towns. J f F. Noel Tavlok. Pp. i-xid .313* 

Wtthi^’ei-arAiTllnsfTHtloii,'. 12s (id»n.'l..‘ ^ * 

Practical Sanitations a HamUiook loi .Sanitafy lospoctora aiul others. 

Jiy (iEu. Kkid, iJ.F.n. Sk\Knti:entii Ei'Itiun, ilionmjihly Kovised. (Ss. 

Sanitary Engineering, iw Franci.^ \Vooj>, Third 

Eoitjii-N, Kcvisuil. J>]) |.\v+.‘{0(). Ss i;d uut if ^ “ 

Modern Methods o% Sewage Purification, fiy linKTRAai 

Kkksiiaw, Eiiuim-t’i'bo t!i'-iSuwiiKi* CoiiHiiisMoii l'*]h Illu.stnilFd 21fi net. 

The Principles of Sewage Dispos^. ^w ivof. Di nhar oi Hamburg. 

* Triiii; luted liy 11 T ('A1 ,vi;kt, M.-So ifiKfict ’ • * 

Tre^e w^te Waters. By 11. Wilson, M.D., anil H. T. (’ai.vkut, 

i’ll.I). KiUly Jliiistiuted. I’'s ik-l. 

Tr%des* Waste: its Treatment and Utilifi^ion. By W. Is’ayi.oh, 

0 E(\S., A.M 218. net ^ t • % 

ModernJDestrhct^ Practice. By w. F. (looimiiji, A.M.lnst.c.K. 

■t-vvi+27i'. jf»n net » 

. Water Supply: Selection of'.Souret's and Di'iti ibutioii. By Bkoinald 

^ E. .MlDUCETON, M liiht. O.li., M.liHt..Mccli E , K.^1 ('Town Svo^ Ss. 6d net • 

Water Analysis for Sanitary and Technical purposes. By 

H P.. SrnOKs. F I.l'., etc -Is ed. lift 

Calcareous Cements: Tlieir Nature, Preparation, an^Uses. By 
t Gilbert Kblgrave, A8Boc.InBt.C.E.,:md<WAs. Spackman, F.c.s. seoiinp Euition. 

flaniSook for Cement Works Cnfemists. liy F. Ji. (; vruiioisE, 

l-'C.S, -,s. net , ’ ' » * 

* Hoad Making and Maintenance. liv Tjios. Aitkun, A.M.in.st.fvii; 

. iBUlNlJ KditIon Knll,v lllu.‘.trat<"il. 21s. net. ♦ , 

Dustless Roads: Tar-Maeadam.» liy d. WAi.m* Fimii. Fully 

llluhtiatefi. Ids. (kl. net. • * ^ 

Central Electr^al Stations : Their Design, Orgamsfitiou, and mauMje-V 
"lent By C. nrWoRi>iN(JHAM, A K M Inst O.F. PETOnd Emtion. • 

Trarfsfosmers. By Hermann Bohjx, M.I.to:,, and Prot. t)Avn) 
llou^iTsim, 15^c. Pp. i-MV+aMi.* Profiisely lliastniti'd. 2!i>iift. ** 

Electrical Plfttometry and Illumii^ion. liy Fiof. U. 

Pp. i-\l-I-222. Piofuaely IlliiatiHted. lOs.^nct 

fleetrieity Meters. By Henry Molomon, Assoe.M.Inst.K.K. In 
^U^iinii Svo, nandBomc Cloth. I'rotuBuly Dlustnitcd. Rib. net. 

Gas ManufacCUre (The Chemistry of). By w. . 1 . a. IUitteiifiklil 

• M.A., F.I.C., F.C.R. Witli Dlustrattoiiu ForRTU Edition, Revise* #m. I* 
78.6<1. net. Vol. II., m ynrparaO'rtn. • ^ 

The Calorific Power of Gas. liy ,1. U. (bsTE, FJ.('., F.C.S., 

Illuatratcd. nq^. % 

Smoke Abatement A Manual for Mamifactm-crs, \n^^l)ct!fcrn' 
Eiigineei-a. and othcisl ^By William NiriinLsoN. Jjttlly llluflUaRxl- la-t. * 
Fire and Explosion Risks^ The JleteelTon. Investigation, and Pre- 

* vention of FircB «.• KxptosRins.* i^y Dr. V^n' Schwartz. Cloth Kiifnet. 

MilkTitS Production and Uses, Chapters on Dairy Fanning, 

The Diseafles ol Cnttle. and oiigthe llyjfiene and Control pf SupplieB. By EPWAlfli^'. 
M'illouqhby, D.P.II. tifi net. ** 

ktSh Foods: With Methods for their Chemic^,-Miei^flcapical, and 
Bacteriological Examh’^on. liy C. Ains*'ortii MitoheiX, B.A., F.I.C. Illus¬ 
trated. 108.^. \ # . • 

Foods: The# c^^ypnsition and^nalyais. By A.V^ynter mlyth, 
M.R.C.S., F.C.S., ail M. W. Bltth| B.A. B.Sc. Ni.xtu l»fTlON, 'ITiomughly 
Beviged. %ls # * _ 

^OrWOlS : dHARLES GRIFFIN & C«., LTD.. EXEJER STRBET, jlRAND.* 



24 ' ClicARLh^Ri'^'FIX AXO CO.'S PUBLICATIONS. 

-•- 1 -;- 1 - 

< * 

Ij&rge 8vo. ^CVoth. I’p. i-xxni + 27]. Wi% 147 Itlustrationa. 
nett’^ 

A MANUttu OF 

THE PRINCIFLES OF SEWAGE TREATMENT. 

By i>Ror. DUNBAR, 

Director of the of State Hyjfiene, Hamburg. 

English Edition ey HARRV^ GALVEJM, M.So., Th.D., F.I.C., 

* Chief Chemical Assistant, West Hid^ig of Vorkshirc Rivera Boa\’'l. 

Abhidoed Contents. -Historical Dbvuloi'MENt ok the sewaok Priu^lem.—G rowth 
of River Pollution.—l.egal Measures ol Ceiitnil and IahiiiI Authorities.—Rise and Dovolop- 
meiit of ft^*tliodfioLSewa«e TreatiiK’iit.—EarliiT Views, Mieir Object and IK ility. PiUiSKNT 
POBmoNfbiv SEWltiK Ti;{?atment.—T he Characteri.stics of Si'wage.- -Olijects of Pre¬ 
cipitation Works.—i>escripi.!oM lor the Removal ol Huspen^'d Matters.—Methods for the 
Removal of Piitrcscibility.—Tlje Disiiifiction of Sewag'^Gsuperviftion ami Inspection 
of Sewage Dispoaal Works.—Tlic Utility and Cobt of tli“ various Methods ot Sewage 
Treatment.—I ndex. ' 

“ Wo heartily commend the l>o(ik as a pecnlmily fair and inipaitial aUteiuent of the 
present position of tlie bowage proiilem.’’—AaneeC 


In Medium 8vo. < Clotli Pp. i-xiii With ^bfe.s illustrations 

in the Text, and 86 Plates, tils. net. 

MODERN METHODS OF 

skwAge 'i»u«ification. 


A Guide fertile Designing and Maintenance of Sewage Purification Works 

Bv C. liEHTItAM KEIISIIA|', F.R.S.I., K.K.M.8,, F.C.S. 




Engineer 4 ') the Rttyal ^>niniission on Sewage Disposal. 

oontent^ —Introduction. — Ilistoriciil —Conservancy Methods, Ac. — Sewerage 
-Rainfall, >toriii W;iter.- • Varifitious in Flow' ot' Sewage, -t'lasfsillcaition and 
Compositioii of SewfTges Coiisitli'rat.ion's to In- olwerved in sidecting the SiU‘ for St*««.ge 
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